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PREFACE 


This  volume  is  tlie  outcome  of  tlie  division  of  tlie  subjects  contained 
in  the  author's  "  Text-Book  of  Medical  Jurisprudence,  Toxicology,  and 
Public  Health."  The  demands  of  the  modern  growth  of  these  subjects 
compelled  the  author  to  divide  them,  and  accordingly,  he  issued  a 
first  volume  dealing  with  Medical  Jurisprudence  and  Toxicology  some 
months  ago.  The  section  dealing  with  Public  Health,  which  con- 
stituted the  Second  Part  of  that  text-book,  now  reappears  in  this 
volume. 

The  author  has  reason  already  to  believe  that  this  change  has  been 
of  advantage  to  students  and  practitioners  alike,  so  far  at  least  as  the 
first  volimie  is  concerned.  He  hopes  that  the  present  volume  will  also 
prove  acceptable  to  those  more  especially  interested  in  Public  Health. 

He  has  followed  in  this  volume  the  same  general  arrangement  of 
subjects  as  in  the  original  treatise.  Each  division  of  the  subject  has 
been  amplified  and  brought  into  line  Avith  present  advancements.  The 
work,  as  a  whole,  has  accordingly  been  largely  re-written,  and  has 
undergone  considerable  enlargement,  not  only  by.matter  being  added  to 
those  subjects  which  were  formerly  treated,  but  also  by  the  inclusion  of 
new  subjects. 

In  particular,  there  has  been  introduced  a  fairly  full  treatment  of 
Sanitary  Law.  From  his  experience  as  a  teacher  of  Public  Health 
during  the  past  twenty-five  years,  he  has  found  that  the  average  student 
is  less  attracted  to  this  part  of  the  subject  than  to  the  others.  That, 
he  believes,  is  in  the  main  due  to  the  fact  that  Sanitary  Law  has  had 
hitherto  to  be  studied  in  separate  works,  the  law  being  thus  divorced 
from  its  application.  In  this  work,  the  author  has  followed  the  line 
of  his  teaching,  and  has  attempted  to  correlate  the  law  to  each  division 
of  the  subject  treated  of  in  the  text.  Thus  in  regard  to  air-supply, 
water-supply,  sewerage  and  disposal  of  sewage,  and  infectious  diseases, 
for  example,  the  law  relating  to  the  same  is  set  down  after  the  discussion 
of  the  subjects  of  air,  water,  sewage,  and  infectious  diseases  respectively. 
The  effect  is  that  the  student  will  find  to  his  hand  the  law  dealing  with 
each  branch  of  the  subject,  instead  of  having  to  read  two  or  more  books 
or  many  Acts  of  Parliament  which  bear  on  these  subjects  separately. 
Moreover,  where  the  subject  lends  itself  to  such  treatment,  the  author 
has  instituted  a  comparison  of  the  law  of  England  with  the  law  of 
Scotland,  and  in  many  instances  also  with  the  law  of  Ireland,  respecting 
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several  branches  of  sanitary  legislation.  While  this  has  involved  no 
little  labour,  he  hopes  that  such  a  method  of  treatment  will  prove  of 
assistance  to  the  student.  In  this  respect,  perhaps,  the  present  volume 
difiers  from  mosb  text-books  dealing  with  Public  Health. 

The  author  has  refrained  from  introducing  to  any  great  extent  in 
this  work  illustrative  legal  cases,  owing  to  the  relatively  large  amount  of 
space  required  to  present  an  adequate  account  of  the  bearings  of  each 
case,  his  intention  being  to  keep  the  book  within  the  limits  of  a  handy 
text-book. 

In  addition,  there  has  been  introduced  in  the  book  the  law  respecting 
Rivers  Pollution,  Factories  and  Workshops,  Isolation  Hospitals,  Nuis- 
ances, Offensive  Trades,  Diseases  of  Animals,  the  Sale  of  Foods  and 
Drugs,  Dairies,  Milkshops,  and  Cowsheds,  the  Disposal  of  the  Dead,  and 
various  other  subjects. 

In  preparing  the  volume  for  his  readers,  the  author  has  most  grate- 
fully to  acknowledge  his  great  indebtedness  for  assistance  in  reading 
proofs  and  otherwise  to  his  friends  Alexander  Duncan,  Esq.,  B.A.,  LL.D., 
Secretary  and  Librarian  to  the  Royal  Faculty  of  Physicians  and  Surgeons 
of  Glasgow,  and  to  Dr  Alexander  Walker  of  Edinburgh. 

In  conclusion,  he  further  desires  to  express  his  acknowledgments  to 
the  publishers,  who  have  spared  neither  time,  trouble,  nor  expense  in 
presenting  the  volume  to  his  readers. 

University  of  Glasgow,  • 
November  lOth,  1910. 
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PUBLIC  HEALTH 

CHAPTER  I 

INTRODUCTORY  SKETCH 

From  the  days  of  the  Mosaic  Code  up  till  the  present  time,  the 
science  of  medicine  has  been  divisible  into  two  distinct  branches — viz. 
the  curative,  and  the  prophylactic  or  preventive.  It  is  interesting 
to  note  that  in  the  Code  above  mentioned  probably  more  attention  is 
devoted  to  the  prophylactic  than  to  the  curative  aspect,  for  there  are 
laid  down  not  only  the  doctrines  of  quarantine  or  isolation  in  infectious 
disease,  disinfection  and  destruction  of  infected  material,  but  also  the 
doctrines  of  preventive  medicine  in  respect  of  food-supply,  more  especi- 
ally with  reference  to  flesh-meat.  Indeed,  in  this  last  respect,  while 
the  reasons  of  the  law-giver  respecting  the  animals  whose  flesh  might 
or  might  not  be  eaten  are  not  clearly  given,  modern  research  has  de- 
monstrated that,  as  regards  the  flesh  of  the  pig,  at  least,  the  pre- 
cautions laid  down  were  salutary.  For  many  centuries  these  principles 
have  been  kept  in  active  use  by  the  Jewish  people,  and  in  the  Talmud 
are  laid  down  the  regulations  whereby  only  healthy  meat  may  be  used 
for  consumption,  and  suspicious  or  diseased  meat  rejected.  While  in 
these  modern  days  attempts  are  being  made  to  secure  the  like  result 
by  inspection  of  meat  in  our  abattoirs,  it  is  because  long  and  painful 
experience  by  the  nations  has  demonstrated  its  need.  If  we  turn  to 
the  Fathers  of  Medicine — Hippocrates,  Galen,  Celsus — ^we  find  that 
they  were  not  unmindful  of  the  prophylactic  side  of  the  art,  and 
that  they  recognised  the  value  of  fresh  air,  food,  rest,  exercise  and 
other  factors  in  the  cure  and  recuperation  of  man.  In  the  Middle 
Ages,  however,  it  would  appear  as  if  such  principles  had  been  entirely 
forgotten,  or  were  neglected.  People  flocked  within  walled  cities  for 
protection,  and  plague  and  pestilence  followed  in  their  train.  Such 
epidemics,  fatal  and  extensive  in  their  character  and  incidence,  while 
they  had  their  undoubted  origin  in  the  neglect  of  the  very  elements  of 
sanitation,  were  not  recognised  as  due  to  such  neglect,  and  in  those 
superstitious  times  were  reckoned  to  be  the  result  of  supernatural 
causes.  While  such  ignorance  obtained  generally  regarding  the 
causal  relationship  of  insanitation  and  disease,  enlightened  rulers  and 
physicians  arose,  however,  from  time  to  time  who  saw  the  connection, 
and  who  fell  back  upon  the  Jewish  regulations  for  the  stay  of  such 
plagues  and  pestilences.  Bernardo,  the  ruler  of  Reggio,  for  example, 
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was  among  the  first  to  set  in  force  the  Jewish  Code  when  the  Black- 
Death  broke  out  in  Italy  in  the  fourteenth  century,  in  the  course  of 
its  devastating  progress  through  the  continents  of  Asia  and  Europe. 
Having  started  in  Asia,  it  broke  out  in  Italy  in  1348,  reached  Eng- 
land in  August  of  that  year,  and  was  in  London  in  November.  From 
this  epidemic  it  has  been  estimated  that  in  Europe  alone  twenty-five 
millions  of  people  were  killed.  Boccaccio,  in  the  Induction  to  the 
"Decamerone,"  gives  a  minute  account  of  its  outbreak  in  Florence,  and 
from  his  detailed  clinical  account  of  the  appearances  on  the  bodies 
of  men  and  animals  attacked  by  it,  there  can  be  no  doubt  of  its  identity 
with  the  Plague. 

In  the  fifteenth  century  (1485)  the  Venetian  laws  of  quarantine 
were  framed,  the  term  "  quarantine  "  being  derived  from  the  Italian 
word  quaranta,  signifying  forty,  a  period  of  forty  days  being  the  period 
of  isolation  laid  down  in  the  Mosaic  Code. 

For  more  substantial  advance  in  sanitary  principles,  however,  we 
must  look  to  the  eighteenth  century.  Inoculation  against  small- 
pox was  introduced  into  England  by  Lady  Mary  Montagu  in  1722 ; 
better  ventilation  of  public  buildings  and  of  ships  was  initiated  by 
Desaguliers  and  Samuel  Sutton ;  Sir  George  Baker  made  researches 
into  the  cause  and  prevention  of  lead  colic ;  Captain  Cook  dis- 
covered in  his  voyage  round  the  world  the  means  of  preventing 
scurvy  in  his  ships'  crews  by  the  regular  use  of  lime-juice ;  John 
Howard  did  his  noble  work  with  reference  to  the  improvement  of 
prisons  and  gaols — which  were  then  the  hot-beds  of  typhus  fever ; 
and,  last  of  all,  there  was  the  great  discovery  by  Jenner,  in  1798,  of 
the  protective  influence  of  vaccine  virus  against  small-pox.  As 
the  nineteenth  century  advanced,  and  by  reason  partictdarly  of  the 
first  visitation  of  cholera  to  Great  Britain  in  1832,  it  became  necessary 
that  some  special  sanitary  legislation  should  be  enacted.  The  be- 
ginning of  the  century  saw  the  basis  of  health  statistics  established, 
by  Parliament  passing  an  Act  for  the  taking  of  a  census  of  the  in- 
habitants in  1801.  This  was  only  accomplished  after  nearly  fifty 
years'  debate  and  discussion,  as  the  original  proposal  to  effect  this  was 
made  by  Mr.  Thomas  Potter  in  1753.  The  census,  however,  was  not 
complete  until  1834,  when  the  poor-law  districts  were  thoroughl)' 
revised ;  hence  the  first  complete  statistical  figures  only  date  back  to 
the  Registrar-General's  Returns  in  1836.  The  first  outbreak  of  cholera 
in  this  country  in  1832,  which  was  imported  to  Newcastle  from  Ham- 
burg, and  which  spread  throughout  these  islands,  compelled  the  atten- 
tion of  the  Government,  and  the  Privy  Council  in  that  year  put  in 
force  a  measure  for  preventing  the  spread  of  the  disease  by  amend- 
ing the  Quarantine  Act.  In  the  same  year  a  Royal  Commission  on 
the  Poor-Laws  was  appointed,  out  of  which  came  the  Poor-Law  Amend- 
ment Act  of  1834.  In  1833  the  Lighting  and  Watching  Act  was  passed, 
and  also  the  first  amended  Factory  Act.  In  1836  came  the  Registration 
Act ;  in  1840-1841,  the  Vaccination  Act ;  in  1846,  the  Removal  of 
Nuisances  Act ;  in  1846-1848,  the  Baths  and  Wash-Houses  Act ;  and 
in  1847,  the  Towns  Improvement  Clauses  Act,  and  the  Towns  Police 
Clauses  Act.  Before  this,  however,  in  local  Police  Acts  control  was 
obtained  by  the  authorities  of  certain  populous  places  respecting  filth- 
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removal,  overcrowding,  and  other  like  conditions,  all  of  which  tended 
to  sanitary  improvement.    Glasgow,  for  example,  in  its  Police  Act  of 
183-i  obtained  these  powers.    Owing  to  the  labours  of  Edwin  Chadwick 
with  reference  to  the  sanitary  condition  of  large  towns.  Sir  Kobert  Peel 
appointed  a  Koyal  Sanitary  Commission  to  inquire  into  the  condition 
of  large  towns,  etc.,  and  the  Reports  which  issued  from  this  Commission 
caused  the  passing  of  the  Public  Health  (England)  Act  of  1848, 
and  the  Nuisances  Removal  and  Disease  Prevention  Acts,  with  an 
amendment  of  the  latter,  in  the  following  year.     Great  Britain 
experienced  its  second  outbreak  of  cholera  in  1848-1849,  and  a  Board 
of  Health  was  thereupon  constituted  to  supervise  sanitary  affairs. 
It  effected  the  passing  of  several  sanitary  measures — viz.  the  Metro- 
politan Interment  Act  of  1850,  the  Burial  Act  of  1853,  the  Common 
Lodging-Houses  Act  of  1851-1853,  and  the  Metropohtan  Water  Act 
of  1852.    The  third  outbreak  of  cholera  was  experienced  in  1853-1854. 
Several  sanitary  measures  were  thereupon   consolidated — viz.  the 
Nuisance  Removal  Act  of  1854,  the  Diseases  Prevention  Act  of  1855, 
with  amendments  in  1860,  1863,  and  1866.    The  Local  Government  Act 
was  passed  in  1858,  with  amendments  in  1861-1863  ;  the  Adulteration 
of  Foods  Act  in  1860  ;  the  Alkali  Works  Acts  in  1863-1868  ;  the  Sewage 
Utilisation  Acts  in  1865-1867,  Sanitary  Acts  in  1866,  1868,  1870,  with 
the  Sanitary  Loans  Act  in  1869.    The  Public  Health  (Scotland)  Act 
was  passed  on  15th  August  1867,  with  amendments  in  1871  and  1879  ; 
and  in  the  year  1867  the  Factory  Extension  Act,  with  the  Artisans' 
and  Labourers'  Dwellings  Act  in  the  following  year.    Another  Royal 
Sanitary  Commission  was  appointed  in  1869-1870,  and  the  principal 
Sanitary  Acts  succeeding  its  work  were  :  The  Local  Government  Board 
Act,  1871 ;  The  Public  Health  Act,  1872 ;  the  Public  Health  (England) 
Act,  1875  ;  the  Artisans'  Dwellings  (Scotland)  Act,  1875  ;  the  Rivers 
Pollution  (Prevention)  Act,  1876  ;  the  Canal  Boats  Act,  1877  ;  and  the 
Public  Health  (Ireland)  Act,  in  1876,  with  the  PubHc  Health  (Water) 
Act,  in  the  same  year.    In  1866  the  Glasgow  Improvements  Act  was 
passed,  which  formed  the  model  for  the  Artisans'  and  Labourers' 
Dwellings  Act  of  Sir  Richard  Cross  (first  Viscount  Cross).  Since 
that  time  several  new  and  amending  Acts  have  been  passed,  in  addition 
to  Orders  and  Regulations,  with  the  provisions  of  which  a  Medical 
Officer  of  Health  must  be  familiar,  in  order  that  he  may  properly  fulfil 
the  duties  of  his  office.    The  following  list  may  be  held  to  include  the 
various  Acts,  etc.,  of  which  a  Medical  Ofl&cer  of  Health  must  have  a 
working  knowledge  : — 
I.  Scotland  only — 

(a)  Public  Health  (Scotland)  Acts,  1897,  1904,  and  1907  ; 

(6)  Burgh  Police  (Scotland)  Act,  1892  ;  especially  Part  IV.,  which 
deals  with  Cleansing,  Plans  of  new  Buildings  and  Regulations, 
Ventilation,  Drainage  of  Houses,  Soil-pipes  and  Water-closetsi 
Water-supply,  Slaughter-houses,— Bye-laws,  sects.  316  B,  and 
318 ;  the  Burgh  Police  (Scotland)  Act,  1903  ;  and  the  Burgh 
Sewerage,  Drainage,  and  Water-supply  (Scotland)  Act,  1901  ; 

(c)  Vaccination  (Scotland)  Acts,  1863  and  1907  ; 

{d)  Dairies,  Cowsheds,  and  Milkshops  Orders,  1885,  1887,  1899; 

(e)  Regulations  as  to  Cholera,  Yellow  Fever,  and  Plague,  1898;' 


4 


PUBLIC  HEALTH 


(/)  Local  Government  Acts,  1889  and  1894 ; 

(</)  Cattle  Sheds  in  Burghs  (Scotland)  Act,  1866  ; 

{h)  Public  Health  (Regulations  as  to  Food)  Act,  1907  ; 

[i)  The  Public  Health  (Foreign  Meat)  Regulations  (Scotland),  1908  ; 

{j)  The  Public  Health  (Unsound  Food)  Regulations  (Scotland),  1908  ; 

{k)  Burial  Grounds  (Scotland)  Act,  1855. 

II.  England  only — 

(a)  Public  Health  (England)  Act,  1875  ; 

(6)  Public  Health  (Water)  Act,  1878  ; 

(c)  The  Cotton  Cloth  Factories  Acts,  1889  and  1897 : 

{d)  Public  Health  (Amendment)  Acts,  1890,  1896  and  1907 ; 

(e)  Infectious  Diseases  (Prevention)  Act,  1890 ;  and  The  Epidemic 

and  Other  Diseases  Prevention  Act,  1883 ; 
(/)  Local  Government  Acts,  1888  and  1894; 
{g)  Isolation  Hospitals  Act,  1893  (Lord  Thring's  Act) ; 
(h)  Vaccination  Act,  1867  ;  and  Amending  Acts,  1871,  1874  and 

1898  ; 

(^■)  Canal  Boats  Acts,  1877  and  1884 ; 

li)  Public  Health  (Interments)  Act,  1879 ; 

{h)  Regulations  as  to  Cholera,  Yellow  Fever  and  Plague,  1896  and 
1902  ; 

(1)  Public  Health  (Ports)  Act,  1896 ; 
(w)  Dairies,  Cowsheds,  and  Milkshops  Orders,  1885,  1887,  and 

1899  ; 

(%)  Model  Bye-laws  issued  by  Local  Government  Board; 
(o)  Midwives  Act,  1902. 

Sanitary  Acts  for  the  Metropolis  of  London,  while  passed  separately, 
embody  the  provisions  of  the  foregoing. 

III.  United  Kingdom — 

(a)  Factories  and  Workshops  Act,  1878 ; 
Part  I.  (1)  Sanitary  provisions ; 
„   II.  (1)  Sections  4  and  5; 
„  IV.,  including  first  and  second  schedules; 
(6)  Factories  and  Workshops  Acts,  1883,  1891  and  1895,  in  so  far 
as  they  amend  or  extend  sanitary  provisions  and  provisions 
respecting  health ;  and  the  Factory  and  Workshop  Act,  1901  ; 
(c)  Sale  of  Food  and  Drugs  Acts,  1875  to  1899  ; 
{d)  Margarine  Act,  1887  ;  Butter  and  Margarine  Act,  1907  ; 
(e)  Sale  of  Horse-Flesh  Regulation  Act,  1889  ; 
(/)  The  Alkali  Acts,  1881-1892 ; 

(g)  Housing  of  the  Working  Classes  Act,  1885  and  1890  ; 

(h)  Contagious  Diseases  (Animals)  Act,  1878— section  34  ; 

„   1886— section  9  ; 

(i)  Diseases  of  Animals  Act,  1899  ; 

{j)  Infectious  Diseases  (Notification)  Act,  1899  ; 
(/c)  Rivers  Pollution  (Prevention)  Acts,  1876  and  1893  ; 
{I)  The  Bakehouse  Regulation  Act,  1863  ; 
{m)  Cleansing  of  Persons  Act,  1897  ; 
(w)  Cremation  Act,  1902;   Cremation  Regulations,  1903; 
(o)  Sale  of  Milk  Regulations,  1901 ; 
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ip)  Sale  of  Butter  Regulations,  1902 ; 

{q)  Housing  of  the  AVorking  Classes  Act,  1890 ; 

(r)  Notification  of  Births  Act,  1907. 

IV.  Ireland — 

The  Public  Health  (Ireland)  Act,  1874 ;  and  others,  embodying  the 
principles  of  the  foregoing  Acts. 

DUTIES  OF  A  MEDICAL  OFFICER  OF  HEALTH 

Appointment 

The  appointment  of  Medical  Officer  of  Health  in  England  is  laid 
down  in  section  189  of  the  Public  Health  Act  of  1875,  and  section  191 
enacts  that  no  person  shall  be  appointed  to  this  office  unless  he  is 
a  legally  qualified  medical  practitioner,  and  if  appointed  after  1st 
Jan.  1892  to  a  district  of  50,000  inhabitants  or  over,  unless  he 
is  the  possessor  of  a  registered  degree  or  diploma  in  public  health, 
hygiene,  or  sanitary  science.  The  Local  Government  Board 
has  certain  powers  respecting  the  appointment,  duties,  salary,  and 
tenure  of  office  of  this  official,  where  any  portion  of  his  salary  is  paid 
by  moneys  voted  by  Parliament.  The  medical  officer  to  a  union  may 
be  appointed  medical  officer  of  health  to  his  rural  sanitary  district, 
although  he  does  not  possess  any  registered  sanitary  degree  or 
diploma,  and  a  medical  officer  of  health  may  be  appointed  to  act  as 
a  sanitary  inspector,  subject  to  the  approval  of  the  Board.  By  the 
Local  Government  Act,  1888,  s.  18,  the  Local  Government  Board  re- 
serves the  right  to  sanction  the  appointment  of  a  person  as  medical 
officer  or  deputy  medical  officer  of  health  who  does  not  possess  a  public 
health  qualification. 

In  Scotland  the  appointment  is  compulsory  upon  counties  by 
section  52  of  the  Local  Government  (Scotland)  Act,  1889 ;  and 
section  54  enacts  (1)  that  he  shall  be  a  registered  medical  practitioner, 
(2)  that  after  1st  Jan.  1893,  where  the  population  of  a  county, 
district,  or  parish  is  30,000  or  upwards,  he  shall  be  registered  as  the 
holder  of  a  qualification  in  sanitary  science,  pubhc  health,  or  state 
medicine,  and  (3)  that  he  shall  be  removable  from  office  only  with 
the  sanction  of  the  Scottish  Local  Government  Board.  In  burghs, 
under  section  77  (1)  of  the  Burgh  Police  Act,  1892,  the  medical  officer 
must  be  in  possession  of  a  registered  qualification  in  public  health. 

Duties 

In  England,  the  duties  of  this  official  are  laid  down  in  the  Order 
of  the  Local  Government  Board,  March  1891,  and  draft  regulations 
suggested  by  the  Local  Government  Board  of  Scotland  are  printed  in  the 
official  instructions,  forms,  and  recommendations  to  Local  Authorities, 
1903  :  ^  these  are  tabulated  below  : — 
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Regulations  concerning  Duties  of  Medical  Officer  of  Health 


England 


No. 


Scotland 


No. 


1.  He  shall  inform  himself  as  fur 

as  practicable  respoctiug  all  in- 
fluences affecting,  or  tlireaten- 
ing  to  affect,  injuriously  the 
public  health  within  his  dis- 
trict. 

2.  He     shall     inquire     into  and 

ascertain  by  such  means  as 
are  at  his  disposal  the  causes, 
origin,  and  distribution  of 
diseases  within  the  district, 
and  ascertain  to  what  extent 
the  same  have  depended  on 
conditions  capable  of  removal 
or  mitigation. 

3.  He  shall,  by  inspection  of  the 

district,  both  systematically 
at  certain  periods,  and  at  in- 
tervals as  occasion  may  re- 
quire, keep  himself  informed 
of  the  conditions  injurious  to 
health  existing  therein. 

4.  He  shall  be  prepared  to  advise 

the  Sanitary  Authority  on  all 
matters  affecting  the  health  of 
the  district,  and  on  all  sanitary 
points  involved  in  the  action 
of  the  Sanitary  Authority  ; 
and  in  cases  requiring  it,  he 
shall  certify  for  the  guidance 
of  the  Sanitary  Authority  or  of 
the  justices,  as  to  any  matter 
in  respect  of  which  the  certifi- 
cate of  a  M.  O.  H.  or  a  medical 
practitioner  is  required,  as  the 
basis  or  in  aid  of  sanitary 
action. 

5.  He   shall   advise   the  Sanitary 

Authority  on  any  question  re- 
lating to  health  involved  in 
the  framing  and  subsequent 
working  of  such  bye-laws  and 
regulations  as  they  may  have 
power  to  make,  and  as  to  the 
adoption  by  the  Sanitary 
Authority  of  the  Infectious 
Di.sease  (Prevention)  Act,  1 890, 
or  of  any  section  or  sections  of 
such  Act. 
C.  On  receiving  information  of  tlio 
outbreak  of  any  contagious, 
infectious,  or  epidemic  disease 


3.  In  draft  regulations  is  verbatim 
the  same  as  No.  1  for  England. 


4.  Is  same  as  No.  2  for  England. 


5.  Is  same  a3  No.  3  for  England. 


G.  Is  same  as  No.  4  for  England. 


7.  Is  same  as  No.  5.  for  England 
up  to  and  including  the  words 
"  power  to  make." 


The  M.  O.  H.  shall  perform  all 
the  duties  lawfully  impo.'^ed 
upon  him   by   any  bye-laws 
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of  a  dangerous  character  with- 
in the  district,  he  shall  visit 
the  spot  without  delay  and 
inquire  into  the  causes  and 
circumstances  of  such  out- 
break, and  in  case  he  is  not 
satisfied  that  all  due  pre- 
cautions are  being  taken,  he 
shall  advise  the  persons  com- 
petent to  act  as  to  the  measures 
which  may  appear  to  him  to  be 
required  to  prevent  the  ex- 
tension of  the  disease,  and  take 
such  measures  for  the  pre- 
vention of  the  disease  as  he  is 
legally  authorised  to  take 
under  any  statute  in  force  in 
the  disti'ict,  or  by  any  i-esolu- 
tion  of  the  Sanitary  Authority. 
Subject  to  the  instructions  of  the 
Sanitary  Authority,  he  shall 
dii'ect  or  superintend  the  work 
of  the  inspector  of  nuisances  in 
the  way  and  to  the  extent  that 
the  Sanitary  Authority  shall 
approve,  and  on  receiving  in- 
formation from  the  inspector 
of  nuisances  that  his  inter- 
vention is  required  in  conse- 
quence of  the  existence  of  any 
nuisance  injurious  to  health,  or 
of  any  overcrowding  in  a  house, 
he  shall,  as  early  as  practicable, 
take  such  steps  as  he  is  legally 
authorised  to  take  under  any 
statute  in  force  in  the  district, 
or  by  any  resolution  of  the 
Sanitary  Authority,  as  the 
circumstances  may  justify  and 
require. 

In  any  case  in  which  it  may 
appear  to  him  to  be  necessary 
or  advisable,  or  in  which  he 
sliall  be  so  directed  by  the 
Sanitary  Authority,  he  shall 
himself  inspect  and  examine 
any  animal,  carcase,  meat, 
poultry,  game,  flesh,  fish,  fruit, 
vegetables,  corn,  bread,  flour, 
or  milk,  and  any  other  article 
to  which  the  provisions  of  the 
Public  Health  Act,  1875,  in  this 
behalf  shall  apply,  exposed  for 
sale,  or  deyjosited  for  the  pur- 
pose of  sale,  or  of  preparation 
for  sale,  and  intentled  for  the 
food  of  man,  which  is  deemed 
to  bo  diseased,  or  unsound,  or 
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and  regulations  of  the  Local 
Authority ;  and  he  shall 
further  observe  and  execute, 
so  far  as  the  circumstances  of 
his  district  may  require,  the 
instructions  of  the  Local 
Government  Board. 
2.  The  M.  O.  H.  shall  attend  all 
meetings  of  the  Local  Authori- 
ty and  committees  thereof, 
when  so  required. 


8.  When  a  certificate  has  been  re- 
ceived from  a  medical  practi- 
tioner or  a  notice  from  the 
head  of  a  family  in  terms  of 
sections  (1)  (a)and(6)  of  the  In- 
fectious Disease  (Notification) 
Act,  or  otherwise  the  existence 
of  a  case  of  infectious  disease 
has  come  to  his  Imowledge,  the 
M.  O.  H.  shall  instruct  the 
sanitary  inspector  or  otlier 
competent  officer  to  make  the 
necessary  inquiries,  and  to 
take  such  measures  as  are 
necessary  for  preventing  the 
spread  of  the  disease. 


9.  It  shall  be  the  diity  of  the 
M.  O.  H.  to  enter  or  cause  to  be 
entered  both  the  certificates 
and  the  notices  in  a  book  to 
be  provided  by  the  Local 
Authority,  and  to  be  called 
the  Register  of  Notifications, 
which  shall  be  kept  in  the  office 
of  the  Local  Authority  for  that 
purpose  ;  he  shall  also  tabulate 
and  report  to  each  ordinary 
mooting  of  the  Local  Authority 
the  notifications  received. 

10.  The  M.  O.  H.  shall  also  keep 
any  other  books  or  forms  in 
connection  with  the  Infectious 
Disease  (Notification)  Act, 
which  the  Local  Government 
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unwliolesome  or  unfit  for  the 
food  of  man  ;  and  if  he  finds 
that  sucli  animal  or  article  is 
diseased,  or  unsound,  or  un- 
wholesome, or  unfit  for  the 
food  of  man,  he  shall  give  such 
directions  as  may  be  necessary 
for  causing  the  same  to  be 
dealt  with  by  a  justice  accord- 
ing to  the  provisions  of  the 
statutes  applicable  to  the  case. 

9.  He  shall  perform  all  the  duties 

imposed  upon  him  by  any  bye- 
laws  and  regulations  of  the 
Sanitary  Authority,  duly  con- 
firmed where  confirmation  is 
legally  required,  in  respect  of 
any  matter  affecting  the  pubhc 
health,  and  touching  which 
they  are  authorised  to  frame 
bye-laws  and  regulations. 

10.  He  shall  inquire  into  any  offen- 

sive process  of  trade  carried  on 
within  the  district,  and  report 
on  the  appropriate  means  for 
the  prevention  of  any  nuisance 
or  injury  to  health  therefrom. 

11.  He  shall  attend  at  the  office  of 

the  Sanitary  Authority  or  at 
some  other  appointed  place,  at 
such  stated  times  as  they  may 
direct. 

12.  He  shall  from  time  to  time  re- 

port in  writing  to  the  Sanitary 
Authority  his  proceedings,  and 
the  measures  which  may  re- 
quire to  be  adopted  for  the 
improvement  or  protection  of 
the  public  health  of  the  dis- 
trict. He  shall  in  like  manner 
report  with  respect  to  the  sick- 
ness and  mortality  within  the 
district,  so  far  as  he  has  been 
enabled  to  ascertain  the  same. 

13.  He  shall  keep  a  book  or  books, 

to  be  provided  by  the  Sanitary 
Authority,  in  which  he  shall 
make  an  entry  of  his  visits 
and  notes  of  his  observations 
and  instructions  thereon,  and 
also  the  date  and  nature  of 
applications  made  to  him,  the 
date  and  result  of  the  action 
takenthereon,andof  any  action 
taken  on  previous  reports, 
and  shall  produce  such  book 
or  books,  whenever  required, 
to  the  Sanitary  Authority, 


Board  may  from  time  to  time 
consider  necessary. 
11.  Is   the   same   as  No.    6.  for 
England. 


12.  When  in  his  opinion  any  in- 
fectious disease  threatens  to 
become  dangerous  or  epidemic 
within  the  district,  the  M.  O.  H. 
shall  forthwith  report  the  same 
to  the  Local  Government  Board 
and  to  the  Local  Authority, 
stating  the  extent  of  the  out 
break,  its  supposed  origin,  and 
the  measures  adopted  for  the 
prevention  of  the  spread  of  the 
disease,  and  for  the  isolation 
and  treatment  of  those  af- 
fected. 


13.  When  the  M.  O.  H.  becomes 
aware  that  any  infectious 
disease  within  the  meaning 
of  the  Infectious  Disease 
(Notification)  Act  exists  at 
any  dairy  witloin  the  mean- 
ing of  the  Public  Health 
(Scotland)  Act,  1897,  or  in  the 
household  of  any  person  regis- 
tered imder  the  Dairies,  Cow- 
sheds, and  Milkshops  Order, 
and  that  milk  is  supplied  from 
such  dairy  or  by  such  person 
without  the  district,  he  shall 
forthwith  report  the  same  to 
the  Local  Government  Board, 
and  to  the  Local  Authority, 
specifying  the  name  and 
address  of  such  dairy  or  person 
and  of  the  person  to  whom 
such  milk  is  consigned,  or  the 
district  within  which  it  is 
supplied,  and  the  measures 
adopted  to  prevent  the  spread 
of  tho  disea.se. 
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14,  Ho  shall  also  make  an  annual 

report  to  the  Sanitary 
Authority  up  to  the  end  of 
December  in  each  year  com- 
prising a  summary  of  the  action 
taken,  or  which  he  has  advised 
the  Sanitary  Authority  to  take, 
during  the  year  for  preventing 
the  spread  of  disease,  and  an 
accoimt  of  the  sanitary  state  of 
his  district  generally  at  the 
end  of  the  year.  The  report 
shall  also  contain  an  account 
of  the  inquiries  which  he  has 
made  as  to  conditions  injurious 
to  health  existing  in  his  district 
and  of  the  proceedings  in 
which  he  has  taken  part  or 
advised  under  any  statute,  so 
far  as  such  proceedings  relate 
to  these  conditions  ;  and  also 
an  accoimt  of  the  supervision 
exercised  by  him,  or  on  his 
advice,  for  sanitary  purposes, 
over  places  and  houses  that 
the  Sanitary  Authority  have 
power  to  regulate,  with  the 
nature  and  results  of  any  pro- 
ceedings which  may  have  been 
so  required  and  taken  in  re- 
spect of  the  same  during  the 
year.  It  shall  also  record  the 
action  taken  by  liim,  or  on  his 
advice,  dming  the  year,  in 
regard  to  offensive  trades,  to 
dairies,  cowsheds  and  milk- 
shops,  and  to  factories  and 
workshops.  The  report  shall 
also  contain  tabular  statements 
(on  forms  to  be  supplied  by  the 
Local  Government  Board,  or 
to  the  like  effect)  of  the  sick- 
ness and  mortaUty  within  the 
district,  classified  according  to 
diseases,  ages,  and  localities. 
Provided  that  if  the  medical 
officer  of  health  shall  cease  to 
hold  office  before  December 
31,  in  any  year,  he  shall  make 
the  like  report  for  so  much  of 
the  year  as  shall  have  expired 
when  he  ceases  to  hold  office. 

15.  He  shall  give  immediate  in- 
formation to  the  Local  Govern- 
ment Board  of  any  outbreak  of 
dangerous  epidemic  disease 
within  the  district,  and  shall 
transmit  to  the  Board  a  copy 
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14.  The  M.  O.  H.  shall  report  to  the 

Local  Government  Board  and 
to  the  Local  Authority  every 
case  of  small -pox  in  the  district 
as  soon  as  it  comes  to  his  laiow- 
ledge. 

15.  When  the  M.  O.  H.  becomes 

aware  that  any  infectious 
disease  exists  in  any  house  in 
which  children  of  school  age 
reside,  he  shall  cause  intima- 
tion thereof  to  be  made  to  the 
Clerk  of  the  School  Board  and 
to  the  head-master  of  any 
school  which  such  children  or 
any  of  them  may  be  attending. 
IG.  Is  the  same  as  No.  18  of  the 
Enghsh  Order  but  substituting 
"  Section  79  of  the  Public 
Health  (Scotland)  Act,  1897," 
in  lieu  of  the  section  and  Act 
therein  named. 
17.  The  M.  O.  H.  on  receiving  in- 
formation from  any  sanitary 
inspector  that  his  intervention 
is  required  in  connection  with 
any  nuisance,  shall,  as  early  as 
practicable,  take  such  steps 
as  he  is  legally  authorised  to 
take  imder  any  statute  in  force 
in  the  district,  or  by  any  resolu- 
tion of  the  Local  Authority, 
as  the  circumstances  of  the 
case  may  justify  and  require. 
[//  the  Local  Authority  desire  that  the 
M.  0.  H.  shall  superintend  the  work  of 
the  Sanitary  Inspector,  then  No.  17 
would  read  as  No.  7  for  England.] 


18.  The  M.  O.  H.  shall  in  any  case 
when  required  by  the  Local 
Authority,  or  when  it  appears 
to  him  to  be  necessary  or  ad- 
visable, exercise  the  powers 
conferred  on  him  by  Section  43 


10 


PU15LIC  IIEALTJI 


of  ettcli  aiiiiiial  report  imd  of 
any  special  report.  He  shall 
make  a  special  report  to  the 
Board  of  the  groimds  of  any 
advice  lie  may  give  to  the 
Sanitary  Authority  with  a 
view  to  the  closure  of  any 
school  or  schools,  in  pursuance 
of  the  Code  of  Regulations 
approved  by  the  Education 
Department  and  for  the  time 
being  in  force. 

16.  At  the  same  time  that  he  gives 

intimation  to  the  Board  of  the 
outbreak  of  infectious  disease, 
or  transmits  to  them  a  copy  of 
Ills  annual  or  any  special 
report,  he  must  give  the  like 
information,  or  transmit  a  copy 
of  such  report  to  the  County 
Council  of  the  county  in  which 
his  district  is  situated. 

17.  In    matters    not  specifically 

provided  for  in  this  order  he 
shall  observe  and  execute  any 
instructions  issued  by  the 
Local  Government  Board,  and 
the  lawful  orders  and  directions 
of  the  Sanitary  Authority 
applicable  to  his  office. 

18.  Whenever   the  Local  Govern- 

ment Board  shall  make  re- 
gulations for  all  or  any  of  the 
purposes  specified  in  section 
134  of  the  Public  Health 
Act,  1875,  and  shall  declare 
the  regulations  so  made  to  be 
.  in  force  within  the  area  com- 
prising the  whole  or  any  part 
of  the  district,  he  shall  observe 
such  regulations  so  far  as  the 
same  relate  to  or  concern  his 
office. 


of  the  Public  Health  (Scotland) 
Act,  1897.  In  the  case  of  any 
proceeding  with  regard  to  a 
living  animal,  unless  Jie  him- 
self is  a  qualified  veterinary 
surgeon,  ho  shall  call  upon  the 
veterinary  surgeon  approved 
by  the  Local  Authority  to 
accompany  him. 


19.  Is  the  same  as  No.  10  for  Eng- 

land. 

20.  The  M.  O.  H.  shall  from  time 

to  time  in.spect  any  bakehouses 
which  are  workshops  and  are 
situated  within  his  district,  and 
he  shall  thereupon  report  to  the 
Local  Authority  whether  any 
steps  are  necessary  to  be  taken 
for  the  pmpose  of  enforcing,  as 
respects  such  bakeliouses,  the 
provisions  of  the  Factories  and 
Workshops  Acts. 


•21 


Eng- 


Is  the  same  as  No.  12  for 
land. 

22.  The  M.  O.  H.  shall  also  from 

time  to  time  make  such  special 
reports  and  returns  as  may 
be  called  for  by  the  Local 
Authority  or  the  Local  Govern- 
ment Board. 

23.  Is  the  same  as  No.  12  for  Eng- 

land. 

24.  The  M.  O.  H.  shall  examine  and 

report  on  all  plans  submitted 
to  him  by  the  Local  Authority. 


N.  B. — The  Regulations  for  Scotland  have  no  force  or  effect  until  they  have  been 
adopted  by  the  Local  Authority  and  have  been  approved  by  the  Local  Government 
Boai'd. 

Annual  Eeports  by  Medical  Officers  of  Health  in  Scotland 
for  counties  i^'ok  burghs 

(Order  of  Board  of  date  18th  January  1900) 
In  virtue  of  powers  of  section  15,  Public  Health  (Scotland)  Act,  180/ 
Report  shall  contain  : — 

(a)  A  general  account  of  the 
sanitary  state  of  district,  and 
of  any  measures  which  in  his 
opinion  should  be  adopted  for 
its  improvoTuont. 


Report  shall  contain  :- 

(o)  Same  as  for  counties,  substitut- 
ing the  word  "  burgh  "  for 
"  district  "  in  all  cases. 
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(6)  A  statement  of  tlio  general 
inquiries  ho  has  made  during 
the  year,  and  of  any  special 
inquiries  as  to  sanitary 
matters. 

(c)  A   general  .  statement    of  any 

matters  as  to  which  he  has 
given  advice  or  granted  certifi- 
cates, including  any  action  as 
to  offensive  trades  and  the 
sanitary  condition  of  factories 
and  workshops. 

(d)  An  account  of  his  inspection  of 

the  bakehouses  in  the  district, 
and  of  any  proceedings  taken 
with  regard  to  them. 

(e)  An  account   of    the  house-ac- 

commodation of  the  labouring 
classes  in  the  district,  and  of 
any  proceedings  under  the 
Housing  of  the  Working  Classes 
Acts,  or  otherwise. 

(/)  An  accoimt  of  any  action 
taken  iinder  the  Rivers 
Pollution  (Prevention)  Acts. 

(g)  An  account  of  the  available 
means  of  isolation  of  persons 
suffering  from  infectious 
disease,  of  liouses  of  reception, 
and  of  apparatus  for  disin- 
fection. 

{h)  Observations  on  condition  and 
adequacy  of  '  the  apparatus 
provided  for  disinfection,  and 
of  the  hospitals  belonging  to 
the  Local  Authority,  or  to 
which  the  Local  Authority  are 
entitled  to  send  patients. 

(i)  A  summaiy  of  the  action 
taken  to  prevent  the  out- 
break and  spread  of  infectious 
disease. 

(/)  A  statement  as  to   the  causes, 
origin,    and    distribution  of 
diseases  within  the  district,  and 
the  extent  to  which  the  same 
have  depended  on  or  been  in- 
fluenced by  conditions  capable 
of  removal  or  mitigation. 
{k)  A  tabular  statement,   in  such 
form  as  the  Local  Government 
Board  may  from  time  to  time 
direct,    of   the    sickness  and 
mortality  with  the  district. 
The  Medical  Officer  of  Health  shall 
transmit  a  copy  of  report  to  the  Local 
Government  Board  and  to  tlie  Local 
Authority  not  later  than  the  31st 
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(b)  Same  as  for  coimties,  substitut- 

ing the  word  "burgh"  for 
"  district"  in  all  cases. 

(c)  Do.        Do.  Do. 


{d)         Do.        Do.  Do. 


(e)  Do.        Do.  Do. 


(/  )         Do.        Do.  Do. 


(g)  An  accovmt  of  any  pi'oceedings 

under  the  Burgh  Police  Act, 
including  the  substance  of 
his  half  -  yearly  reports  on 
slaughter-houses  (section  280). 

(h)  Same  as  {g)  for  counties. 


(i)  Same  as  {h)  for  counties. 


(/)  Same  as  (i)  for  counties. 


{Ic)  Same  as  (/)  for  coiuitios. 


(/)  Same  as  (fc)  for  counties. 

The  M.  O.  H.  of  a  burgh  shall 
transmit  reports  as  for  coimties,  and 
at  same  time. 
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Marcli    immediately    following  the 
year  to  which  such  report  refers. 

Where  the  Coimty  Medical  Officer 
is  M.  O.  H.  for  each  of  the  districts  in 
the  county,  the  Board  will  hold  the 
foregoing  instructions  to  be  complied 
with  if  the  County  Medical  Officer 
furnishes  a  report  for  the  whole 
county,  provided  that  in  such  report 
each  district  is  separately  dealt  with. 

In  Scotland,  prior  to  the  passing  of  the  Public  Health  Act  of  1897 
and  the  Local  Government  Act  of  1894,  bye-laws  regulating  the  duties 
of  the  Medical  Officer  of  Health  were  issued  by  the  Board  of  yupervision, 
of  date  28th  July  1873.  These  were,  as  far  as  they  went,  identical 
with  those  of  the  English  Board.  By  section  15  of  the  Public  Health 
Act  of  1897,  this  duty  of  regulating  the  duties  of  medical  officers  and 
sanitary  inspectors  and  their  relations  to  each  other  is  vested  in  Local 
Authorities,  subject  to  the  approval  of  the  Board. 

The  duties  of  a  Port  Medical  Officer  of  Health  are  essentially  on 
the  same  lines  as  the  foregoing,  but  different  terms  are  employed  by 
reason  that  ships,  harbours,  crews,  etc.,  are  being  specially  dealt  with, 
and  not  houses  and  districts. 

More  specifically,  these  duties  are  as  follow  : — 

1.  The  medical  officer  of  health  of  a  port  shall  inform  liimself,  so  far  as  is 
practicable,  respecting  all  conditions  which  affect,  or  threaten  to  affect,  in- 
juriously the  health  of  crews  and  other  persons  on  board  ships  witliin  his 
district. 

2.  He  shall  inquire  into  and  ascertain,  by  such  means  as  are  at  liis  disposal, 
the  causes,  origin,  and  distribution  of  diseases  in  any  vessels  within  his  district, 
and  ascertain  to  what  extent  the  same  may  have  depended  on  conditions  capable 
of  removal  or  mitigation. 

3.  He  shall,  by  inspection  of  the  shipping  in  his  district,  keep  liimself  in- 
formed of  the  conditions  injurious,  or  likely  to  be  injurious,  to  health  which 
exist  therein. 

4.  On  receiving  information  of  the  arrival  within  his  district  of  any  ship 
having  any  infectious  or  epidemic  disease  of  a  dangerous  character  on  board, 
or  of  the  outbreak  of  any  such  disease  on  board  ship  within  the  district,  he  shall 
visit  the  vessel  without  delay,  and  inquire  into  the  causes  and  circimistances  of 
such  outbreak,  and  advise  the  persons  competent  to  act  as  to  the  measures 
which  may  appear  to  him  to  be  required  to  be  taken  to  prevent  the  extension  of 
the  disease,  and,  so  far  as  he  is  lawfully  authorised,  to  assist  in  the  execution  of 
the  same. 

5.  He  shall  on  receiving  information  from  the  inspector  of  nuisances  that 
his  intervention  is  required  in  consequence  of  the  existence  of  any  nuisance  in- 
jurious to  health,  or  of  any  overcrowding  in  a  ship,  as  early  as  possible  take  such 
steps  authorised  by  the  Public  Health  Act,  1875,  in  that  behalf  as  the  circum- 
stances may  justify  and  require. 

6.  When  any  vessel  within  his  district  has  had  dangerous  infectious  disease 
on  board,  he  shall  give  notice  thereof  to  the  medical  officer  of  health  of  any  port 
within  the  United  Kingdom  whither  such  vessel  is  about  to  proceed. 

7.  Tiie  medical  officer  of  lioalth,  if  he  have  reason  to  suspect  that  any  ship 
coming  or  being  within  the  jurisdiction  or  district  of  the  Local  Autliority 
whether  examined  by  the  officer  of  Customs  or  not,  is  infected,  shall,  or,  if  he  have 
reason  to  suspect  that  the  ship  has  come  from  an  infected  place,  may  visit  and 
examine  such  ship  for  the  purpose  of  ascertaining  whether  such  ship  is  infected. 
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and  may  make  the  like  visit  and  examination  in  the  case  of  any  ship  coming  or 
being  within  the  jm-isdiction  of  the  Local  Authority  which  has  come  from  an 
infected  place.  The  master  of  any  sucli  ship  shall  permit  the  same  to  be  visited 
and  examined.  The  master  of  any  such  ship  shall,  on  being  required  by  the 
medical  officer  of  health  so  to  do,  cause  the  ship  to  be  brovight  to,  and,  if 
necessary,  moored  or  anchored  in  some  convenient  place  wliile  the  same  shall 
be  \dsited  and  examined,  due  regard  being  had  to  the  safety  of  the  ship,  and 
to  the  convenience  of  navigation  (Cholera,  Yellow  Fever,  and  Plague  Order, 
1898,  Articles  8,  9,  12,  13,  14,  15,  16,  17,  18,  19,  20,  21,  22). 

In  Ireland,  the  position  of  tlie  Medical  Officer  of  Health  is  regulated 
by  section  10  of  the  Public  Health  (Ireland)  Act,  1874,  which  enacts 
that  every  medical  officer  of  a  dispeiisary  district  shall  be  a  sanitary 
officer  for  such  district  or  for  such  part  thereof  as  he  shall  personally 
be  in  charge  of,  with  such  additional  salary  as  the  Sanitary  Authority 
may  determine  subject  to  the  approval  of  the  Local  Government 
Board.  Every  Sanitary  Authority  in  Ireland  must  appoint  (a)  a  con- 
sulting sanitary  officer,  (b)  an  ex-officio  sanitary  officer,  who  is  the 
medical  officer  of  a  dispensary  district,  and  (c)  when  thought  necessary 
or  advisable,  a  medical  superintendent  officer  of  health. 

The  duties  of  the  Medical  Officer  of  Health  in  Ireland  are  the 
following  : — 

1.  He  shaU  inquire  into  any  matter  which  is  brought  imder  his  notice  by 
the  sanitary  sub-officer  (or  sanitary  inspector). 

2.  He  shaU  attend  to  and  inquire  into  any  matter  brought  imder  his  notice 
by  the  executive  sanitary  officer,  or  clerk. 

3.  He  shall  report  to  the  Sanitary  Authority  on  any  matter  which  should  be 
brought  imder  their  notice,  and  he  shall,  from  time  to  time,  furnish  statistical 
returns  to  the  Local  Government  Board,  of  disease,  etc. 

Inspector  of  Nuisances.    Sanitary  Inspector.  Sanitary 

Sub-Oppicer 

The  other  important  sanitary  officer  under  the  Public  Health  Acts  is  the 
inspector  of  nuisances,  as  lie  is  called  in  England,  or  the  sanitary  inspector  as 
he  is  called  in  Scotland,  or  the  sanitary  sub-officer  as  he  is  designated  in  Ireland. 

In  England,  this  official  must  be  appointed  by  urban  and  riu-al  sanitary 
authorities  imder  sections  189  and  190  of  the  Public  Health  Act,  1875.  He 
must  be  a  "  fit  and  proper  person."  By  section  192  of  the  same  Act  the  same 
person  may  act  as  surveyor  and  inspector  of  nuisances.  Under  the  Local 
Government  (England  and  Wales)  Act,  1888,  inspectors  of  nuisances  are  ap- 
pointed for  counties.  In  London,  in  terms  of  section  107  of  the  Public  Health 
(London)  Act,  1891,  every  Sanitary  Authority  must  appoint  a  sufficient  number 
of  fit  and  proper  persons,  qualified  and  competent  by  Imowledge  or  experience, 
to  perform  the  duties  of  their  office,  as  inspectors  of  nuisances. 

In  Scotland,  by  the  Local  Government  (Scotland)  Act,  1889,  section  52, 
the  Council  of  every  county  shall  appoint  a  sanitary  inspector  or  inspectors  who 
shall  not  hold  any  other  appointment  or  employment  without  the  express 
written  consent  of  the  council,  and  by  section  54  (3)  no  person  shall,  except  witli 
the  express  con.sent  of  the  Board,  be  appointed  to  this  office  for  a  county  unless 
he  has  been  during  the  three  consecutive  years  preceding  his  appointment  the 
sanitary  inspector  of  a  Local  Authority  under  the  Public  Health  Acts,  nor  shall 
he  bo  removable  from  office  except  with  tiie  sanction  of  the  Board.  Under  the 
T'liblic  Health  (Scotland)  Act,  1897,  section  15,  Local  Authorities  s/taZZ  appoint 
a  Sanitary  Inspector  or  Inspectors  "  who  "  shall  be  also  inspector  or  inspectors 
of  common  lodging-houses."  He  shall  not  be  removable  from  office  except  by 
or  with  the  sanction  of  the  Local  Government  Board. 
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In  terms  of  tlio  Burgh  Police  (Sootliind)  Act,  1892,  section  75,  cointiii«.sion(;rs 
of  11  13urgh  nIuM  appoint  !i  siinitary  inspector,  subject  to  the  provisions  of  tlic 
Public  Hoaltli  Acts,  whoso  duty  it  shiiU  be  to  sujjerintend  und  enforce  the 
sanitary  provisions  of  such  Acts  and  this  Act  ;  and  of  section  70,  the  com- 
missioners may,  if  they  tliink  fit,  combine  tlie  offices  of  surveyor,  inspector  of 
cleansing,  and  sanitary  inspector,  or  any  two  of  them,  in  the  same  person. 

In  the  Order  of  the  Local  Government  Board  for  Ireland,  Sanitary 
Authorities  are  directed  to  appoint  sanitary  sub-officers,  in  virtue  of  the 
Public  Health  (Ireland)  Act,  1878. 


Duties 

The  duties  of  this  officer  in  England  and  Scotland  respectively  are  .set  forth 
in  the  following  tabular  statement,  those  for  England  being  laid  down  in  the 
Order  of  the  English  Local  Government  Board  of  date  March  189),  article  19, 
and  those  for  Scotland  in  Draft  Regulations  suggested  by  the  Scottish  Local 
Government  Board. 

England  Scotland 


1.  The  inspector  of  nuisances  shall 
perform,  either  .  under  the 
special  directions  of  the  Sani- 
tary Authority,  or  (so  far  as 
authorised  by  the  S.  A.)  imder 
the  directions  of  the  medical 
officer  of  health,  or  in  cases 
where  no  such  directions  are 
required  without  such  direc- 
tions, all  the  duties  specially 
laid  upon  an  I.  N.  by  the 
Public  Health  Act,  1875,  or 
by  any  other  statute  or 
statutes,  or  by  the  orders  of 
the  Local  Government  Board, 
so  far  as  the  same  apply  to  his 
office. 


2.  Ho  shall  attend  all  meetings  of 

the  S.  A.  when  so  required. 

3.  He  shall,   by  inspection  of  his 

district,  both  systematically  at 
certain  periods,  and  at  intervals 
n3  occasion  may  require,  keep 
himself  informed  in  respect  of 
the  nuisances  existing  therein 
which  rofjuire  abatement. 

4.  On  receiving  notice  of  the  exist- 

ence of  any  nuisance  within  the 
district,  or  of  the  breach  of  any 
bye-laws  or  regulations  made 
by  the  S.  A.  for  the  suppression 
of  nuisances,  ho  shall  as  early 
as  practicable  visit  the  spot 


1.  The    sanitary    inspector  shall 

perform  all  the  duties  specially 
impo.sed  upon  a  sanitary  in- 
spector by  any  statute,  or  by 
any  order  issued  by  the  Local 
Government  Board,  or  bj'  any 
bye-law  or  regiilation  lawfulh' 
made  by  the  Local  Authority. 
( If  the  L.  A.  desire  that  the  sanitary 
inspector  shall  act  under  the  super- 
intendence of  the  M.  O.  H.,  the  follow- 
ing words  should  be  inserted  at  the 
beginning  of  No.  1  : — 

"  Subject  to  the  general  super- 
intendence and  directions  of  the 
Medical  Officer  of  Health,"  and  at  the 
end  there  should  be  added  :  "  He 
shall  also,  subject  to  the  directions 
of  the  Local  Authority,  attend  to  the 
instructions  of  the  Medical  Officer  of 
Health  with  respect  to  any  measures 
which  can  be  lawfully  taken  by  a 
sanitary  inspector.") 

2.  Same  as  No.  2  for  England. 

3.  Same  as  No.  3  for  England. 


4.  Same  as  No.  4  for  England,  but 
with  the  following  addition:  — 
"  and  if  he  finds  t  liat  a  nui.sanoe 
under  t  he  Public  Health  Act  ex- 
ists, he  shall  intimate  the  same, 
within  24  liours  thereafter, 
to  the  author  of  the  nuisance, 
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and  inquire  into  such  allogocl 
nuisances  or  breach  of  bye- 
hT,W55  or  regulations. 


■").  Ho  shall  report  to  the  S.  A.  anj' 
noxious  or  offensive  businesses, 
trades,  or  manufactories 
established  wdthin  the  district, 
and  the  breach  or  non-ob- 
servance of  any  bye-laws  or 
regulations  made  in  respect  of 
the  same. 

G.  He  shall  report  to  the  S.  A.  any 
damage  done  to  any  works  of 
water-supply,  or  other  works 
belonging  to  them,  and  also 
any  case  of  wilful  or  negligent 
waste  of  water  supplied  by 
them,  or  any  fouling  by  gas, 
filth,  or  otherwise  of  water 
iLsed  for  domestic  purposes. 

7.  He  shall  from  time  to  time,  and 
forthwith  upon  complaint, 
visit  and  inspect  the  shops  and 
places  kept  or  used  for  the 
preparation  or  sale  of  butcher's 
meat,  poultry,  fish,  fruit, 
vegetables,  corn,  bread,  flour, 
milk  or  any  other  article  to 
which  the  provisions  of  the 
P.  H.  A.,  1875,  in  this  behalf 
shall  apply,  and  examine  any 
animal,  carcase,  meat,  etc.,  or 
other  article  aforesaid  which 
may  be  therein,  and  in  case 
any  such  article  appear  to  him 
to  be  intended  for  the  food  of 
man,  and  to  be  unfit  for  such 
food,  he  shall  cause  the  same 
to  be  seized,  and  take  such 
other  proceedings  as  may  be 
necessary,  in  order  to  have  the 
same  dealt  with  by  a  justice, 
provided  that  in  any  case  of 
floubt  arising  imder  this  clause 
ho  shall  report  the  matter  to 
the  M.  O.  H.  with  the  view  of 
obtaining  his  advice  thereon. 

^.  He  shall,  when  and  as  directed 
by  the  S.  A.,  procure  and  sub- 
mit samples  of  food,  drink, 
or  drugs,  su.spectod  to  be 
adulterated  to  be  analysed  by 


OFFICERS  15  • 

and  shall  after  a  reasonable 
interval  visit  and  inquire,  and 
if  he  finds  that  the  nuisance  is 
not  removed  he  shall  report 
the  matter  in  writing  to  the 
Local  Authority,  and  act  in 
accordance  with  such  in- 
structions as  he  may  receive." 

5.  Whenever  it    appears    to  the 

sanitary  inspector  that  .the 
intervention  of  the  M.  O.  H.  is 
necessary  in  connection  with 
any  nuisance,  he  shall  forth- 
with inform  such  officer  thereof 
and  shall,  if  requested,  ac- 
company him  and  assist  him  in 
his  inspection  of  the  locality. 

6.  Same  as  No.  13  for  England. 


7.  The-  sanitary  inspector  shall 
keep  the  Register  of  Common 
Lodging-Houses  ;  he  shall  visit 
and  inquire  as  to  the  condition 
of  each  common  lodging- 
house  within  the  district,  at 
least  once  every  calendar  month, 
or  oftener  if  required  by  the 
Local  Authority,  and  enter  in 
his  journal  a  report  of  the  result. 
He  shall  also  report  in  wi-iting 
to  the  Local  Authority  all 
unregistered  common  lodging- 
houses,  as  well  as  any  viola- 
tion of  the  statutory  provisions 
or  of  the  bye-laws  of  the  Local 
Authority  relating  to  common 
lodging  -  houses  which  may 
come  to  his  knowledge,  and  act 
in  accordance  with  sucli  in- 
structions as  he  may  receive. 


8.  The  sanitary  inspector  shall 
ivoep  the  Register  of  Houses 
let  in  Lodgings,  in  accordance 
with  the  bye-laws  made  by  the 
Local    Aiitliority.   juid  shall 
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tho  iiiiiilyst  appointed  under 
the  Sale  of  Food  andDruR  Acts, 
and  upon  receiving  a  certificate 
stating  that  the  articles  of 
food,  drink,  or  drugs  are 
adulterated,  cause  a  complaint 
to  be  made,  and  take  other 
proceedings  prescribed  by  the 
Acts. 

9.  He  shall  give  immediate  notice 

to  the  M.  O.  H.  of  the  occur- 
rence within  the  district  of 
any  contagious,  infectious,  or 
epidemic  disease  ;  and  when- 
ever it  appears  to  him  that  the 
intervention  of  such  officer  is 
necessary  in  consequence  of 
the  existence  of  any  nuisance 
injurious  to  health,  or  of  any 
overcrowding  in  a  house,  he 
shall  forthwith  inform  the 
M.  O.  H.  thereof. 

10.  He  shall,  subject  to   the  di- 

rections of  the  S.  A.,  attend  to 
the  instructions  of  the  M.  O.  H. 
with  respect  to  any  measiu-es 
which  can  lawfully  be  taken  by 
an  inspector  of  nuisances  under 
the  P.  H.  A.,  1875,  or  vmder 
any  statute  or  statutes,  for 
preventing  the  spread  of 
contagious,  infectious,  or 
epidemic  disease  of  a  dangerous 
character. 

11.  He  shall  enter  from   day  to 

day  in  a  book,  provided  by  the 
S.  A.,  particulars  of  his  in- 
spections, and.  of  the  action 
taken  by  him  in  the  execution 
of  his  duties.  He  shall  also 
keep  a  book  or  books,  to  be 
provided  by  the  S.  A.,  so 
arranged  as  to  form,  as  far  as 
possible,  a  continuous  record 
of  the  sanitary  condition  of 
each  of  the  promises  in  respect 
to  which  any  action  has  been 
taken  imder  the  P.  H.  A., 
1875,  or  vmder  any  other 
statute  or  statutes,  and  shall 
keep  any  other  systematic  re- 
cords thatthe  S.  A.  mayroquire. 
12.  He  shall,  at  all  reasonable 
times,  when  applied  to  by  tho 
M.  O.  H.,  produce  to  him  his 
books,  or  any  of  them,  and 


otherwise  act  as  in  the  in- 
Htructions  set  down  in  No.  7. 


9.  The   sanitary  inspector  shall 

keep  a  register  of  ofTensivo 
businesses  lawfully  established 
and  carried  on  within  the 
district,  and  shall  report  to  the 
Local  Authority  any  contra- 
vention of  the  bye-laws  re- 
lating to  such  businesses  ;  he 
shall  also  report  when  any 
offensive  business  is  estab- 
lished or  enlarged  without  the 
sanction  of  the  L.  A.,  or  when 
any  premises  are  used  as  a 
slaughter-house  or  knacker's 
yard  without  a  hcence. 

10.  The    sanitary   inspector  shall 

from  tinae  to  time  \nsit  and  in- 
spect any  water-closet,  earth- 
closet,  or  privy,  or  similar 
convenience  within  the  dis- 
trict used  in  common  by  the 
occupiers  of  two  or  more 
separate  dweUiag-houses,  or  by 
other  persons,  and  shall  report 
to  the  L.  A.  any  offence  imder 
section  31  of  the  P.  H.  (Scot- 
land) Act,  1897. 

11.  The    sanitary  inspector  shall 

from  time  to  time  visit 
and  inspect  the  workshops 
within  the  district,  and  shall 
report  to  the  L.  A.  any  con- 
travention of  the  sanitary 
provisions  of  the  Factories  and 
Workshops  Acts  ;  on  receipt 
by  the  L.  A.  of  any  notice  from 
the  inspector  imder  the  said 
Acts  as  to  any  sanitary  defects, 
the  sanitary  inspector  shall 
forthwith  inquire  into  tlie 
same  and  report,  the  result  to 
the  Local  Authority. 


1 2.  Tho  sanitary  inspector  shall 
from  time  to  time  visit  the 
shops  and  plticos  witliin  the 
district  with  a  view  to  the 
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render  to  liim  such  information 
as  ho  may  be  able  to  fimxish 
with  respect  to  any  matter  to 
which  the  duties  of  an  inspector 
of  nuisances  relate. 


13.  He    shall,   if   directed   by  the 

S.  A.  to  do  so,  superintend  and 
see  to  the  due  execution  of  all 
worlvs  which  may  be  imder- 
taken  imder  their  direction 
for  the  suppression  or  removal 
of  nuisances  within  the  dis- 
trict. 

14.  He   shall,   if   directed   by  the 

S.  A.  to  do  so,  act  as  officer  of 
the  said  authority  as  Local 
Authority  imder  the  Diseases 
(Animals)  Acts,  and  any  orders 
or  regulations  made  there- 
under. 


15.  In  matter.3  not  specifically 
provided  for  in  this  Order  he 
shall  observe  and  execute  all 
the  lawful  orders  and  direc- 
tions of  the  Sanitary  Authority 
and  the  orders  of  the  Local 
Government  Board  which  may 
be  hereafter  issued,  applicable 
to  his  office. 


prevention  of  the  sale  of  un- 
sound food,  and  shall  on 
receiving  any  coinplaint,  or 
when  required  by  the  Local 
Authority,  or  when  it  appears 
to  him  to  be  necessary  or  ad- 
visable, exercise  the  powers 
conferred  on  him  by  section  43 
of  the  P.  H.  (Scot.)  Act,  1897. 
In  any  case  of  doubt  he  shall  re- 
port the  matter  to  the  M.  O.  H. 
with  the  view  of  obtaining  his 
advice  thereon.  In  the  case  of 
any  proceeding  with  regard  to 
a  living  animal,  he  shall  call 
upon  the  veterinary  svirgeon 
approved  by  the  L.  A.  to 
accompany  him. 
13.  Same  as  No.  8  for  England. 


B 


14.  The    sanitary    inspector  shall 

keep  the  Register  of  Cow- 
keepers.  Dairymen,  and  Pur- 
veyors of  Milk,  and  shall  from 
time  to  time,  and  once  at  least 
in  every  three  months,  visit  all 
dairies,  cowsheds,  and  milk- 
shops  within  the  district,  and 
report  the  result  to  the  L.  A. 
He  shall  also  inform  forthwith 
the  Local  Authority  of  any  in- 
fringement of  the  orders  or 
regulations  applicable  to  such 
premises. 
[If  any  other  officer  has  been  appoint- 
ed by  the  L.  A.  to  inspect  the 
dairies.  No.  14  will  be  omitted.) 

15.  The    sanitary   inspector  shall 

from  time  to  time  make  such 
inquiries  as  may  be  necessary 
with  a  view  to  ascertaining 
whether  the  bye-laws  made  by 
the  Local  Authority  are  duly 
observed,  and  shall  report 
to  tiie  Local  Authority  any 
violation  of  tlie  bye-laws 
which  may  come  to  his  Icnow- 
ledge. 

10.  In  every  case  in  which  it  shall 
bo  reported  or  othoi-wiso  bo- 
COU10  known  to  him  that  any 
person  in  a  common  lodging- 
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liouHo.or  in  ivny  tent,  van,  shed, 
or  similar  structure,  is  suffer- 
ing from  any  infectious  disease, 
tlio   sanitary   inspector  sliall 
forthwith  report  tlie  same  to 
tlie  M.  O.  H.  and  act  under  his 
instructions. 
17.  The  sanitary  inspector  sliall,  by 
the  instructions  of  tlie  M.  O.  H., 
remove    or    superintend  the 
removal  of  any  patient  suffer- 
ing from  infectious  disease,  and 
sliall  carry  out  any  process  of 
disinfection     or     any  other 
measures  that  may  be  required 
for  preventing  the  spread  of 
infectious   disease.    He  shall 
also,  as  soon  as  possible,  exa- 
mine   the    sanitary  arrange- 
ments of  any  house  in  wliich 
infectious  disease  lias  occurred, 
and  report  to  the  M.  O.  H. 
18.  The    sanitary    inspector  shall, 
imder   the    direction   of  the 
M.  O.  H.,  make  inquiries  into 
the  cu-cumstances  of  each  case 
of  infectious  disease  witliin  the 
district    as   regards  facilities 
for     isolation,  emplojnnent, 
school,    water-supply,  raUk- 
supply  and  any  other  matters 
likely  to  assist  the  M.  O.  H.  in 
carrying    out    his  statutory 
duties ;    he  shall  also  serve 
notices   required    by  section 
50  (2)  and  53  (2)  of  the  Public 
Health  Act. 

19.  Same  as  No.   11  for  England, 

but  substituting  "  Public 
Health  (Scotland)  Act"  for 
the  Act  therein  named. 

20.  Same  as  No.  12  for  England. 

21.  The    sanitary    inspector  shall 

observe  and  execute  all  law- 
ful orders  and  instructions  of 
the  Local  Authority  and  the 
Local  Government  Board 
applicable  to  his  office  ;  and, 
if  required,  he  shall  attend 
upon  the  inspecting  officer  of 
the  Local  Government  Board, 
and  afford  him  such  informa- 
tion and  assistance  as  ho  may 
desire. 

22.  The    sanitary    inspector  shall 

examine  and  report  on  all 
plans  sul>niittod  to  him  by  the 
Local  Authority. 
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By  the  Order  of  18th  January  1900,  the  Local  Government  Board  of 
Scotland  calls  upon  the  sanitary  inspector  to  prepare  annually  a  report  with 
rogtu-d  to  his  district  for  the  year  ending  31st  December,  suela  report  to  contain  : 

(a)  A  general  accoimt  of  the  sanitary  state  of  the  district  as  regards  water- 
supply,  drainage,  scavenging,  nuisances,  etc.,  together  with  any  suggestions 
for  its  improvement. 

(b)  An  accoimt  of  his  general  inspections,  and  of  any  special  inspections  or 
inquiries,  including  the  supervision  of  slaughter-houses,  and  other  offensive 
trades,  and  the  sanitary  condition  of  schools  and  factories  and  workshops. 

(c)  An  accoimt  of  the  condition  of  common  lodging-houses. 

(d)  An  accoimt  of  the  condition  of  the  dairies,  cowsheds,  and  milk- 
shops. 

(e)  An  accoimt  of  the  condition  of  the  burial  grounds. 

(/  )  A  statement,  in  such  form  as  the  Local  Government  Board  may  from 
time  to  time  direct,  of  his  proceedings  diu-ing  the  year. 

He  shall  transmit  a  copy  of  the  aforesaid  report  to  the  Local  Government 
Board  and  to  the  Local  Authority  not  later  than  the  31st  March  immediately 
following  the  year  to  which  such  report  refers. 

Relations  of  Medical  Officer  of  Health  to  Sanitary  Inspector  and  to  Sanitary 
Authorities.— In  England,  by  the  Public  Health  Act,  1875,  section  191,  the  Local 
Government  Board  has  powers  with  regard  to  the  qualification,  appointment, 
duties,  salary,  and  teniu-e  of  office  of  any  medical  officer  of  health,  or  other 
officer,  part  of  whose  salary  is  paid  out  of  moneys  voted  by  Parliament  or  the 
Coimty  Council ;  and  by  the  Local  Government  (England  and  Wales)  Act, 
1888,  section  24  (3),  with  regard  to  counties  imder  like  conditions.  The  medical 
officer  of  health  in  England  generally  supervises  and  directs  the  operations 
of  the  inspector  of  nuisances. 

In  Scotland,  by  the  PubUc  Health  (Scotland)  Act,  1897,  section  15,  the 
Local  Authority  "  shall,  subject  to  the  approval  of  the  Local  Government 
I  Board,  regidate  the  duties  of  such  medical  officers  and  sanitary  inspectors  and 
t  their  relations  to  each  other,  whether  appointed  before  or  subsequent  to  the 
■'commencement  of  this  Act,  and  this  notwithstanding  anything  contained  in 
^sections  75,  76  and  77  of  the  Burgh  Police  (Scotland  )Act,  1892,"  ..."  and 
tthe  names,  addresses,  and  salaries  of  the  said  medical  officers  and  sanitary 
imspectors  shall  be  reported  to  the  Board,  immediately  on  such  persons  being 
lappointed  and  such  salaries  fixed." 

In  Scotland,  the  regulations  laid  down  by  Local  Authorities  regarding  the 
'Official  relations  of  the  medical  officer  of  health  and  sanitary  inspector  are 
snot  uniform.  Certain  Local  Authorities  have  constituted  the  medical  officer 
ihead  of  the  sanitary  department  ;  on  the  other  hand,  other  Local  Authorities 
ihave  constituted  each  of  these  officials  head  of  his  own  department,  and  have 
Tegulated  their  relations  to  each  other  when  statutory  requirements  bring  the 
Iduties  of  the  two  officers  into  operation  together. 

In  Ireland  the  duties  of  the  medical  officer  of  health  and  sanitary  sub-officer 
ire  defined  by  the  Irish  Local  Government  Board. 

In  England,  in  terms  of  section  171  of  the  Public  Health  Act,  1875,  and  in 
Scotland,  in  terms  of  section  15  of  the  PubHc  Health  (Scotland)  Act,  1897  the 
medical  officer  of  health  may,  when  authorised  by  the  Local  Authority, 
3xercLse  any  of  the  powers  of  the  inspector  of  nuisances  or  of  the  sanitarv 
n^spector. 

Deputy  Officers.— In  England,  by  section  191  of  the  Public  Health  Act,  the 
Sanitary  Authority,  in  case  of  illness  or  incapacity  of  the  medical  officer,  mav 
pppomt  and  pay  a  deputy  medical  officer  of  health,  subject  to  the  approval  of 
•-ho  Local  Government  Board.  In  Scotland,  by  .section  15  of  the  Public  Health 
Act,  the  medical  officer  of  health  and  sanitary  inspector  shall,  if  required  by  the 
oocal  Authority,  respectively  name  a  duly  r|ualified  substitute  for  whom"thov 
thall  bo  responsible,  and,  if  the  Local  Authority  shall  approve  of  the  nomination 
lUCh  substitutes  shall  have  the  same  powers  and  duties  as  the  medical  officer 
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substitute. 

In  order  to  fulfil  tlie  duties  expected  of  him  the  Medical  Officer 
of  HeaJth  in  appointment  to  a  rural  district  ought  as  a  ^T^' 
to  make  himself^  acquainted  with  various  points  which  may  be  classified 
under  two  main  heads — viz. 

I.  Natural  Conditions; 
II.  Artificial  Conditions ;  ,  ^    •  i.  u-x 

jlppSii  "pounaed  .eservo,.^^^^^^^^^^^^^  ."^SlenTp" 

isting  frovistons  for  "^^^f  ^^'P?'^^',/'^ ^  if  from  streams,  of 
regard  to  possible  impurity  in  "^Pf;^'^^"^,;.  \l  quality  and 
thi  likelihood  of  conta-na -n  ^^^^^  ^  J  ^^^. 

quantity,  ^^^l^  ^"^^^^  ^^1^/ T^e  Poputoon  with  respect  to 
(e)  Z)m*«af7eand  Sewerage    (/)  ^"'^'^^'.^/f' fl''^.  („)  jfode  0/  D/s^^osaZ 

tamination.  j  +;„r.o  aro  mainlv  found  in  urban  or  populous 

returns  of  the  '"ortality  of  h,s  d.^'ct.  -^^^^^^^^^^^ 

"^^rrg^^j^ru^Kt^^^ 

Board,  the  M^^'  O^^f  "'^^ffend  of  S  comber  in  each  year, 
to  the  Sanitary  Authority  up  to  the  cna 

which  shall  contain  a  ^"•"""'■y  °' tL:  matters  to  he  dealt 
to  be  taken,  during  the  yea.;.  *  .^/"'orte  by  Medical  Officers 
^S^A  aS' ?n  iS^f 'tlie  U  inVhich  the  sub.ee 
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contained  are  treated,  the  following  order  seems  to  suggest  itself  as  one 
worthy  to  be  followed  : — 

I.  General  Statistics  ;  including — 
(a)  Population,  estimated  and  actual ; 
(6)  Population,  density  of,  in  districts  or  wards  ; 
(c)  Marriage-rates  ; 
■  {d)  Birth-rates  ; 
(e)  Death-rates,  general,  for  area,  districts,  and  parts  of  districts ; 
death-rates  for  age-groups,  and  for  sexes ;  infantile  mortality ; 
pulmonary  diseases  rates ;    zymotic  mortality ;  phthisis 
death-rates ; 

{/)  Infectious  Diseases— number  of  notifications  from  whole  area 
and  districts  ;  distribution  of  diseases,  as  shown  by  geographi- 
cal incidence  of  notifications ;  notifications  of  diti'erent 
diseases ; 

Small-pox  and  vaccination — vaccination  returns  ; 
Measles,  in  relation  to  schools  ; 

Scarlet-fever  —  sickness-rate,  death-rate,  fatality-rate  —  pre- 
ventive measures — recurrent  or  return  cases  ; 

Diphtheria — bacteriological  diagnosis,  use  of  anti-toxin  ; 

Whooping  Cough — age,  distribution,  etc.  ; 

Enteric  Fever — source  of  outbreak,  etc.  ; 

Diarrhoea  and  Enteritis — age  and  sex ;  incidence  ;  relation 
to  infantile  mortality ; 

Influenza  ; 

Puerperal  Fever; 

(ry)  Admissions  to  Infectious  Diseases  Hospital— results,  deaths, 
recoveries,  etc. ; 

(h)  Disinfection — houses,  clothing,  etc.  ; 

(^■)  Tubercular  Diseases — notifications,  treatment,  etc. ; 

{■))  Other  Causes  of  Death— such  as  syphiUs,  alcoholism,  cancer, 
premature  birth,  bronchitis,  pneumonia,  accidental  suffoca- 
tion, including  overlying  of  infants,  violence,  etc.  ; 

{k)  Diseases  of  Animals  communicable  to  man ; 

(/)  Tuberculosis  and  the  milk-supply  ; 

II.  Operations  under  the  Midwives  Act  of  1902  ; 

III.  Housing  of  the  Working  Classes ; 
{m)  Common  lodging-houses  ; 

(n)  Houses  sub-let  in  lodgings  ; 

IV.  Cows  and  Cowsheds,  Milkshops,  and  Disease  ; 
V.  Canal  Boats,  tents,  vans,  etc. ; 

VI.  Inspection  of  Foods— operations  under  Food  and  Drugs  Acts, 
etc.  ;   Slaughter-houses  ; 
VII.  Factories  and  Workshops  ; 

VIII.  Abatement  of  Nuisances,  etc..  Offensive  Trades  ; 
IX.  Statistical  Tables. 

In  rural  districts,  attention  would,  in  addition  to  the  foregoing 
be  paid  to  (a)  water-supplies,  and  {h)  prevention  of  river  pollution  to 
sewerage  and  dramage,  removal  and  disposal  of  house  refuse,  disposal 
and  puntication  of  sewage,  etc. 
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By  the  revised  Instructions  of  the  Scottish  Local  Government 
Board,  that  Board  requires  that  the  Annual  Report  by  the  Medical 
Officer  of  Health  shall  contain  : 

(a)  A  t?eneral  account  of  influences  and  conditions  injurious  or 
dan^^erous  to  the  health  of  the  district,  and  of  the  measures 
that  in  the  opinion  of  the  medical  officer  should  be  adopted 
for  their  prevention  'or  improvement ; 
(6)  A  statement  of  the  general  inquiries  the  medical  officer  has  made 
during  the  year,  and  of  any  special  inqmnes  as  to  samtary 

(c)  A  general 'statement  of  any  matters  as  to  which  the  medical 

officer  has  given  advice  or  granted  certificates,  including  any 
action  as  to  offensive  trades;  ,   ,     -c  j 

(d)  A  specific  account  of  the  administration  of  the  l^actory  and 

Workshop  Act,  1901,  in  workshops  and  work-places,  m  terms 
of  section  132  of  that  Act ;  .  ,    ,  ,      •  i 

(e)  An  account  of  the  house-accommodation  of  the  labouring  classes 

in  the  district,  and  of  any  proceedings  under  the  Housing  ot 
the  Working  Classes  Acts,  or  otherwise ; 
(/)  An  account  of  any  action  taken  under  the  Rivers  Pollution  (Pre- 
vention) Acts  ;  -1  1 1  X 
(a)  An  account  of  the  hospital  accommodation  available  for  persons 
suffering  from  infectious  disease  (including  the  means  pro- 
vided for  the  conveyance  of  such  persons),  and  of  the  houses 
of  reception,  with  observations  on  the  furmshmg,  maintenance, 
administration  and  adequacy  of  such  accommodation,  etc 
Such  a  classification  of  subjects  to  be  considered  leaves  much  to 
the  individual  officer  as  to  the  scope  of  their  treatment ;  and  so  while 
some  reports  are  relatively  meagre,  others  are  full  and  illmnmative. 
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VITAL  STATISTICS  AND  STATISTICAL  RETURNS 

One  of  the  important  duties  of  the  Medical  Officer  of  Health 
is  that  which  deals  with  disease  in  its  statistical  aspects.  Without 
an  accurate  knowledge  of  the  population  of  his  district,  therefore, 
returns  made  by  him  wUl  lose  their  value  because  of  their  inaccuracy. 
By  means  of  previous  census  returns,  a  knowledge  may  be  gained  of 
the  increase  or  decrease  of  population  within  the  district,  but  for  in- 
stituting tabular  retiirns,  such  as  birth-rates,  death-rates,  etc.,  it  is 
requisite  that  the  population  of  the  year  under  which  they  are  given 
shordd  be  known  either  absolutely  or  by  computation. 

The  Public  Health  (Scotland)  Act,  1897,  s.  15,  enacts  that  "  The 
registrar  of  births,  deaths,  and  marriages  in  each  registration  district 
shaU  furnish  to  the  Local  Authority  such  periodical  returns  of  births 
and  deaths  as  may  be  required  of  him  and  approved  by  the  Local  Govern- 
ment Board,  and  for  each  death  included  in  such  return  and  for  each 
return  of  births  he  shall  be  paid  by  the  L.  A.  the  sum  of  twopence, 
and  the  L.  A.  shall  provide  the  forms  on  which  such  returns  are  to 
be  made,  and  shall  pay  for  their  transmission  by  letter  post."  ^ 

Population. — -Since  the  year  1801,  a  decennial  return  has  been 
made  of  the  population  of  these  islands,  but  it  was  not  till  the  return 
of  1881  that  age  and  sex  distribution  was  given.  The  first  census  of 
the  whole  British  Empire  was  taken  in  1871.  At  census  periods,  there- 
fore, is  the  actual  population  only  definitely  and  accurately  known ; 
between  these  periods  the  population  is  estimated. 

The  Census. — The  periodic  enumeration  of  the  people  is  now  an 
institution  in  every  civilised  country,  Russia  having  only  instituted, 
I.  however,  the  first  census  of  its  empire  in  1897.  The  time  of  the  year 
at  which  it  is  taken  varies  in  difierent  countries.  At  the  last  census 
(1901)  the  Netherlands  led  the  way  on  the  last  day  of  December. 
The  machinery  for  taking  the  census  also  varies  in  different  countries. 
In  Clermany,  the  census  is  ordered  by  a  decree  of  the  Imperial  Federal 
Council,  which  determines  the  questions  to  be  asked  and  the  general 
rules  and  principles  to  be  followed ;  in  France,  the  Minister  of  the 
Interior  controls  the  machinery ;  the  mayor  of  a  commune  or  munici- 
pality, appointing  the  supervisors  and  enumerators,  acts  under  the 
;  direction  of  the  prefect  of  the  department,  and  the  prefect  is  subject 
to  the  control  of  the  minister  ;  in  Italy,  the  enumeration  is  taken  under 
ithe  direction  of  the  Minister  of  Agriculture,  Commerce,  and  Manu- 
factures ;  and  in  the  United  States,  by  the  Census  Officer  at  Washington. 

In  Great  Britain,  the  Registrar-General  of  each  country,  acting 
under  the  Local  Government  Board  and  Secretary  for  Scotland  respec- 

'  For  forms  approved  by  Local  Governrnont  Board,  vide  "  Book  of 
Instructions.  Forms,  etc.,"  p.  196. 
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tively,  is  cliarged  with  the  duty,  the  permanent  organisation  for  re- 
gistration of  births,  etc.',  being  utilised  in  supervising  the  enumerators, 
who  are  appointed  in  each  locaUty  for  that  purpose.  In  Ireland,  the 
constabulary  district  is  the  unit  enumeration  district,  and  the  Royal 
Irish  Constabulary  and  the  Dublin  Metropolitan  Police  form  the  enum- 
erating staff. 

Since  the  year  1801,  a  decennial  census  only  has  been  taken  in  this 
country,  but  in  other  countries  it  is  quinquennial.  The  ancient  Roman 
census,  for  example,  was  taken  every  five  years  ;  and  the  quinquennial 
period  has  been  in  operation  in  Sweden  since  1805,  in  France  since 
1835,  in  Germany  since  1866,  and  in  Finland  since  1875.  The  system 
also  prevails  in  half  of  the  American  States,  in  New  Zealand,  Queensland, 
and  in  Manitoba,  and  other  parts  of  north-west  Canada. 

Attempts  have  been  made  in  this  country  from  time  to  time  to 
induce  the  Legislature  to  institute  a  quinquennial,  instead  of  a  decennial, 
period,  and  the  agitation  in  1888  became  so  acute  that  in  that  year  the 
Government  appointed  a  Treasury  Committee  to  inquire  into  the 
whole  subject  of  the  census.  After  taking  evidence,  the  committee 
reported  ^  in  1890  in  favour  of  the  institution  of  a  quinquennial  census 
and  the  establishment  of  a  permanent  staff  and  office  for  census  pm-poses. 
No  effect  has  as  yet  been  given  to  the  recommendations  of  the  committee, 
the  difficulty  in  the  way  apparently  being  the  procuring  of  a  larger 
grant  from  the  Treasury  for  census  purposes. 

The  scope  or  range  of  information  asked  for  in  the  census  also  varies 
in  different  countries.  Up  till  1901,  only  five  countries  in  the  world,  in 
addition  to  the  United  States — viz.  Germany,  France,  Denmark,  Belgiuni, 
and  Hungary — had  taken  an  industrial  census.  Even  these  varied  in 
their  scope.  Germany,  for  example,  while  asking  for  detailed  information 
respecting  kinds  of  manufactories,  their  motive  power  and  their 
machinery,  paid  but  scant  attention  to  the  personal  condition  of  those 
employed ;  Denmark  asked  for  details  as  to  wages  paid  to  workers, 
classified  according  to  kind  of  work,  but  left  out  machinery ;  France 
and  Hungary  mainly  centred  their  attention  on  collecting  information 
relating  to  the  occupation  and  personal  condition  of  employers  and 
employed  ;  while  that  of  Belgium,  in  her  census  of  1896,  is,  perhaps,  the 
most  detailed  and  comprehensive  of  all  European  industrial  enumerations 
in  respect  of  range  of  informative  details.  The  census  of  the  United 
States  of  America  embraces  extended  inquiries  regarding  population, 
mortality,  manufactures,  and  agriculture. 

.  The  census  of  Great  Britam  has  mainly  concerned  itself,  if  we 
overlook  minor  differences  in  the  earlier  enumerations,  with  the  personal 
conditions  of  individuals. 

The  census  machinery  in  this  country  is  started  by  the  introduction 
of  a  Census  (Great  Britain)  Bill  and  a  Census  (Ireland)  Bill  into  Parlia- 
ment, wherein  are  determined  the  day  upon  which  the  census  is  to 
be  taken,  the  central  authorities  for  taking  the  census,  the  provisions 
for  payment  of  costs,  the  enumeration  districts,  preparations,  fiUing, 
collection,  correction  and  copying  of  schedules,  the  enumeration  of 
persons  in  public  and  charitable  institutions  and  returns  of  persons 


»  Blue  book  C6071,  1890. 
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travelling,  or  on  shipboard,  or  not  in  houses  on  night  of  census,  the 
making  of  abstracts  of  the  returns  and  supplying  further  abstracts 
to  Local  Authorities,  and  penalties  for  offences. 

In  the  bill  introduced  in  1910  for  the  1911  census,  the  day  fixed 
was  Sunday  the  2nd  day  of  April  in  that  year.  In  former  years  the 
day  fixed  was  always  the  last  day  of  the  first  quarter  of  the  year. 

For  census  purposes  every  registration  sub-district  is  divided  into 
enumeration  districts,  and  an  enumerator  appointed  for  each  such 
district,  poor-law  overseers  and  relieving  officers  to  act  as  enumerators 
if  so  called  upon  by  the  Local  Government  Board.  The  census  schedules 
to  be  prepared  by  or  under  the  direction  of  the  Local  Government  Board 
for  England,  or  the  Secretary  for  Scotland,  shall  contain  the  following 
particidars  to  be  filled  up  by  or  on  behalf  of  occupiers  of  houses — viz. 
(1)  name,  (2)  sex,  (3)  age,  (4)  profession  or  occupation,  (5)  condition 
as  to  marriage,  (6)  relation  to  head  of  family,  (7)  birthplace,  (8)  and 
(where  person  was  born  abroad)  nationality  of  person,  (9)  whether 
any  person  was  blind,  or  deaf  and  dumb,  or  imbecile  or  lunatic, 
(10)  where  occupier  occupies  less  than  five  rooms,  the  number  of  rooms 
occupied ;  and  (11),  in  the  case  of  Wales  or  county  of  Monmouth,  whether 
any  person,  three  years  of  age  and  upwards,  speaks  English  only,  or 
Welsh  only,  or  both  English  and  Welsh.  With  reference  to  Scotland, 
under  this  head,  the  return  to  be  made  was  whether  the  person  speaks 
English  only,  or  Gaelic  only,  or  both  English  and  Gaelic. 

During  the  week  ending  the  day  before  the  census  day,  each  enum- 
erator was  to  leave  at  every  dwelling-house  within  his  district  one  or 
more  of  the  schedides,  and  was  to  collect  the  filled  schedules  on  the 
day  following  the  census  day.  Every  occupier  was  to  fill  the  schedule 
with  above  particulars  of  each  person  who  resided  in  the  house,  tene- 
ment, or  apai-tment  occupied  by  him  during  the  night  which  ushered 
in  the  census  day.  The  term  "  dwelling-house  "  was  to  include  every 
building  or  tenement  of  which  the  whole  or  part  was  used  for  human 
habitation ;  and  where  a  dwelling-house  was  let  or  sub-let  in  different 
tenements  or  apartments  and  occupied  by  different  persons  or  families, 
a  separate  schedule  was  to  be  left  for  each  such  occupier.  In  the  applica- 
cation  of  the  Act  to  Scotland,  the  particulars  to  be  furnished  by  the 
enumerators  with  respect  to  each  dwelUng-house  were  {a)  the  number 
of  rooms,  including  kitchen  (if  any)  as  a  room,  having  a  window,  not 
bemg  a  window  with  a  borrowed  light.  In  the  case  of  a  person  who  is 
travelling  or  is  at  work  on  the  night  of  the  census  day,  and  who  returns 
to  the  house  on  the  morning  of  the  following  day,  such  person  is  to  be 
treated  in  the  schedule  as  a  person  who  abode  in  such  house  on  the 
night  of  the  census  day. 

Every  enumerator  was  to  collect  the  schedules  which  he  left,  see 
that  each  schedule  was  completely  filled,  aid  in  filling  up  or  correcting 
the  same,  copy  the  same  when  completed  and  corrected,  and  furnish  a 
return,  according  to  the  best  information  he  is  able  to  obtain,  of  all 
persons  within  his  district  on  the  night  of  the  census  day  but  who  are 
not  mcluded  in  the  schedules  collected  by  him.  He  was  also  to  furnish 
prescribed  particulars  as  to  whether  or  not  houses  were  occupied  or 
empty,  and  as  to  the  county,  borough,  parish  or  other  area  for  electoral 
or  administrative  purposes,  and  the  ecclesiastical  parish  or  district, 
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in  which  each  house  is  situated.  The  enumeration  of  inmates  in  pubhc 
and  charitable  institutions  was  to  be  made  by  the  governor,  master,  or 
chief  resident  oflicer,  conform  to  instructions  by  authority  of  the  Local 
Government  Board.  The  Eegistrar-General  was  to  obtain  returns  of 
persons  travelling,  or  on  shipboard,  or  not  abiding  in  houses  on  the  night 
of  the  census,  and  to  include  these  returns  in  the  abstracts  to  be  made. 
He  was  to  prepare,  subject  to  the  approval  of  the  Local  Government 
Board,  (1)  a  preliminary  abstract,  and  (2)  a  detailed  abstract  of  the 
census  returns,  the  former  to  be  printed  and  laid  before  both  Houses 
of  Parliament  within  five  months  next  after  the  census  day,  or,  if 
Parliament  was  not  then  sitting,  within  fourteen  days  of  the  session  next 
ensmng.  He  was  empowered,  if  he  thought  fit,  at  the  request  and  cost 
of  a  council  of  any  county,  borough  or  urban  district,  to  cause  abstracts 
to  be  prepared  containing  statistical  information  with  respect  to  such 
county,  borough  or  district,  which  could  be  supphed  from  the  returns 
but  was  not  supplied  in  the  census  report,  and  which,  in  his  opimon, 
the  council  may  reasonably  require.  Penalties  were  enacted  for 
wilful  default  in  the  performance  of  duty  of  anyone  employed  under 
the  act,  wilful  refusal  to  fill  up  a  schedule  by  any  occupier,  giving 
false  information  or  false  answers,  or  for  giving  information,  without 
lawful  authority,  from  the  census  returns. 

It  would  be  impossible  here  to  deal  with  the  results  of  a  census 
in  detail,  "but  there  are  certain  outstanding  interesting  facts  connected 
with  the  1901  census  of  the  British  Empire  which  may  be  briefly  noticed. 
Between  the  census  of  1861  and  that  of  1901— a  period  of  forty  years— 
the  Empire  had  extended  from  8i  mHlions  to  nearly  12  milhons  of 
square  miles,  the  area  of  the  European  portion  of  the  Empire  bemg 
only  126,000  square  miles;  the  population  during  the  same  period 
had  increased  from  close  on  259  millions  to  400  millions,  of  which  4U 
millions  reside  within  the  United  Kingdom.  This  mcrease  of  population 
was  due  to  two  causes— viz.  {a)  increase  of  area  or  extension  of  terri- 
tory, and  (b)  natural  increase  or  migration  from  one  part  of  the  limpire 
to  another  or  from  another  state  into  the  Empire.  In  the  decade  1891- 
1901,  the  population  of  the  United  Kingdom  increased  9-9  per  cent. ; 
of  C^nadaf  IM  per  cent. ;  of  Australia,  18.6  per  cent. ;  of  Natal  54-2 
per  cent. ;  and  of  the  Cape  of  Good  Hope,  57-8  per  cent. ;  while  that  of 
India,  doubtless  owing  to  famines  and  plagues,  actually  dmumshed 

""^^At  the  ceisurof  1901,  the  density  of  population  in  the  United  King- 
dom was  324  persons  per  square  mile.  The  proportion  of  the  male 
population  engaged  in  agricultural  pursuits  was  found  to  Ire  and 

21  per  cent.  ;  in  Scotland,  7-8  per  cent.  ;  and  in  England  and  Wales,  6-8 
per  cent.;  and  the  proportions  of  both  sexes  employed  in  domestic 
L^icc  to  be,  in  England  Ld  Wales  12-5  per  cent,  of  the  total  population, 
in  Ireland,  9-6  per  cent. ;  and  in  Scotland,  8-8  per  cent. 

Incidence  and  Movements  of  Population 

In  the  census  of  1901  it  was  shown  that  77  per  cent  of  the  total  popu- 
lation of  England  and  Wales  lived  in  towns,  of  Sco  land  70  per  cent., 
and  of  Ireland,  31  per  cent.    The  most  noteworthy  phenomenon  in 
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relation  to  the  incidence  of  population  in  Great  Britain  between  1871 
and  tlie  present  time  is  the  migi'ation  of  rural  dwellers  to  tlie  towns. 
According  to  the  figures  of  the  Registrar-General  for  Scotland,  the  rural 
population  has  decreased  fi-om  1,021,321  in  1871  to  885,800  in  1901. 
The  rate  of  rural  depopulation  since  1871,  divided  into  decades,  was  in 
1871-1881,  3-96  per  cent.  ;  in  1881-1891,  5-33  per  cent.  ;  and  in  1891- 
1902,  4'6  per  cent.  The  rate  of  increase  of  town  population  during  the 
same  decades  was  respectively  18*2  per  cent.,  14 "06  per  cent.,  and 
18-58  per  cent.  ;  and  the  proportion  of  the  population  of  Scotland 
inhabiting  rural  districts  fell  from  304  per  cent,  in  1871  to  19 '8  per  cent, 
in  1901.  This  fact  is  of  serious  import,  not  less  from  the  economic  than 
fi'om  the  hygienic  point  of  view.  The  rural  dweller  would  seem  to  be 
attracted  to  the  town  by  the  prospect  of  better  wages,  of  emplojonent 
for  families  of  growing  lads  and  girls,  larger  scope  and  choice  of  employ- 
ments, and  by  the  glamour  of  movements  of  crowds  and  the  more 
lively  conditions  of  city  life  generally  —  anticipations,  however,  not 
always  realised.  Emigration,  too,  plays  no  unimportant  part  in  the 
movement  of  population  in  a  crowded  country  like  Great  Britain, 
especially  during  continued  spells  of  trade  depression,  and,  for  like 
reasons,  there  is  migration  from  town  to  town  in  search  of  employment, 
and,  also,  to  newly  established  centres  of  industry.  There  are  thus 
two  movements  of  popidation :  one  within  a  country,  and  a  second  from 
one  country  to  another,  either  within  the  same  empire  or  to  a  foreign  state. 

Estimations  of  poprdations  are  liable  to  inaccuracy,  neverthe- 
less they  must  be  calculated  for  statistical  purposes.  The  estimate 
for  any  intercensal  year  is  made  on  the  assumption  that  the  rate  of  in- 
crease or  decrease  in  a  given  population,  as  ascertained  by  the  two 
previous  census  returns,  continues  uniformly  the  same.  This  assump- 
tion may  be  near  or  very  far  from  the  mark.  For  example,  the  death- 
rate  of  Liverpool,  based  on  the  population  of  the  census  of  1881,  was 
shown  to  be  26-7  per  thousand  ;  and  on  the  assumption  that  the  popula- 
tion had  gone  on  increasing  in  the  same  ratio  which  obtained  between 
the  census  figure  of  1871  and  that  of  1881,  the  population  in  1890  was 
accordingly  estimated  to  be  relatively  greater  and  the  death-rate 
worked  out  at  23-6  per  thousand ;  but  when  the  census  figiu'e  of  the 
population  for  1891  was  announced,  it  was  seen  that  the  population 
instead  of  increasing  had  decreased,  and  that  the  death-rate  figure 
of  23-6  per  1000  returned  for  1890  should  have  been  27-8  per  1000. 
The  population  of  Glasgow  was  estimated  by  the  Registrar-General 
to  be,  in  June  1900,  743,969,  but  the  census  of  the  year  1901  showed  the 
figure  to  be  760,406.  Many  other  instances  might  be  given  where, 
on  the  other  hand,  the  population  was  underestimated.  However, 
the  above  method  is  that  employed  by  the  Registrars-General,  and, 
therefore,  demands  some  further  explanation.  Given,  therefore,  the 
population  of  a  given  district  at  a  fixed  date,  to  find  the  population  after 
a  given  number  of  years  thereafter.  The  main  normal  factor  in  the 
increase  of  any  population  is  the  excess  of  annual  births  over  the  annual 
deaths — not  reckoning,  for  the  moment,  the  elements  of  unmigration  and 
emigration. 

The  method  of  the  Registrar-General  of  estimating  intercensal 
popdations  may  be  likened  to  a  sum  of  money  invested  at  compound 
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interest.  In  the  first  year  of  investment,  interest  accrues  to  the 
principal  or  capital  sum  invested ;  in  the  second  year,  the  capital  now 
becomes  the  original  capital  sum  j)lu8  the  interest  accruing  at  the  end 
of  the  first  year ;  and  so  on,  in  each  successive  year. 

Let  us  suppose  that  this  rate  of  increase  per  unit  is  represented  by  r,  then  at 
the  end  of  the  first  year  tlie  increase  will  be  represented  by  1  +  r  ;  it  will 
equal — 

At  the  end  of  the  second  year,  (1  +r)  ^ 
third  „  (l+r)3 
fourth  „  (1+7-)* 
fifth  „ 

and  so  on  till  the  tenth,  (1  +  r)  i" 

or  the  nth  year  (1  +?•)"• 

Leti?=l+r. 

Let  P  =  the  population  of  one  census. 
Let  Pi  =  the  population  of  the  next  following  census. 
Then  if  r  =annual  increase  per  unit,  and  R  =1  +?•  =  annual  mcrement  of  each 
unit  per  annum,  then — 

p  (l+?-)"=:PR»=Pi. 
But  n  =10  in  this  case. 

.-.  PR  "  =:P  ^    Hence  the  logarithm  of  P  +  10  log.  R  =log.  P'. 
And  10  log.  R  =log.  P  ^  -log.  P. 
.-.log.  R=xV(log-P'-log-  P)- 
We  quote  the  following  working  example  from  Newsholme  » — 
If  the  census  population  of  a  town  is  32,000  in  1871,  and  36,000  in  1881 ,  what 
is  the  mean  population  in  1885  ? 
1871  =P  =32,000 
1881  =Pi  =36,000 

Log.  of  Pi  =log.  of  36,000  =4-  556303 
Log.  of  P   =log.  of  32,000  =4-  505150 
.-.  Log.  Pi  -log.  P  =0-051153 
And     (log.  Pi  -log.  P)  =0-  051153  +10  =0-  005115  =log.  R  =log.  1  +r. 

.•.R'=l+r=l- 10118. 
n=1885|  — 1881^=4J  years,  since  the  mean  population  of 
any  year  is  that  of  the  middle  of  the  year,  and  since 
the  census  is  taken  at  the  end  of  the  first  quarter. 

In  the  above  problem,  therefore — 
pi  =PR",  where  P  =36,000, 
„  R=10118, 
n  =4^  years. 

.•.pi=Pop.  required=36,000x  (1-0118)  . 

17 

And  log.  Pi=  log.  36,000  +  -^  log.  1-0118. 
But  log.  of  1-0118=0-005115. 

.-.  ^  log.  1-0118  =0-021739 
Log.  of  36,000  =4-  556303 
Therefore  by  additicm,  log.  P' =4- 578042 
Log.  4- 578042  =37,848  =tho  required  population  of  lsi>o. 
From  the  foregoing,  it  will  bo  seen  that  tho  mcroaso  of  population  is  calcu- 
lated as  a  geometric  increase,  and  not  as  an  arithmetic  mcroaso.     Hub  vvui  ue 

1  "  Vital  Statistics,"  Ist  od.,  p.  0. 
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more  apparent  if  we  work  out  tlie  same  problem  on  tlio  simple  arithmetic 
Increase — 

Population  of  1881  =36,000 
„    1871  =32,000 
Total  decennial  increase  =  4,000 

Annual  increase  =  4,000  4-10=400. 
17 

400  X  ^+36,000=37,700  =the  required  population  of  1885. 

There  are  other  methods,  however,  of  ascertaining  an  intercensal 
population  : — 

A.  By  adding  to  or  subtracting  from  the  product  of  the  difference  between 

the  total  births  and  the  total  deaths  since  the  last  census  return,  the 
balance  of  immigrants  and  emigrants. 
This  is  likely  to  be  inaccurate,  because  there  is  no  means  of  Imowing,  at 
least  in  this  coimtry,  the  number  of  persons  who  enter  or  leave  a  gi^^en  area 
within  a  given  time. 

B.  By  ascertaining  the  number  of  inhabited  houses  within  the  area,  and 

multiplying  the  figure  found  by  the  average  number  of  persons  per 

house  as  ascertained  from  the  last  census. 
This  method  is  fauiy  accm-ate  as  a  worldng  basis  in  population  where  the 
inhabited  houses  are  reckoned  annually  for  assessment  purposes,  but,  as  has 
been  pointed  out,  it  is  hable  to  be  fallacious  where  in  new  subm-bs  large  numbers 
of  houses  are  rapidly  run  xip,  and  where  these  are  occupied  by  newly-married 
persons. 

Indeed  it  may  be  said  that  all  the  methods  of  estimating  intercensal  popula- 
tions are  liable  to  error  for  various  reasons,  and  the  approximate  truth  can 
only  be  arrived  at  by  the  use  of  all  the  available  means. 

The  subject  of  estimates  of  population  has  been  a  vexed  question  for  a 
considerable  time,  arising  mainly  out  of  the  discrepancies  which  have 
been  found  to  exist  between  calculated  intercensal  populations  and  the 
actual  census  figures  when  obtained.  An  important  article  contributed 
by  Waters,  chief  clerk  to  the  English  General  Register  Office,  will  be 
found  on  this  subject  in  the  Supplement  to  the  Sixty-Fifth  Annual  Report 
of  the  Registrar-General  for  England.^  From  it  we  extract  the  following 
particulars. 

He  points  out  that,  in  the  absence  of  complete  records  of  emigration 
from  and  immigration  into  England  and  Wales,  the  best  available 
data  for  estimates  of  population  in  1891-1900  are  the  census  enumera- 
tions of  1891  and  1901  and  the  intermediate  census  of  London  in  1896, 
that  the  arithmetical  means  of  the  populations  of  1891  and  1901  are  the 
most  readily  calculated  figures  which  could  be  used  as  estimates,  leaving 
London  out  of  count  for  the  moment,  and  these  figures  would  be 
accurate  if  the  censuses  were  taken  at  the  beginning  of  January  instead 
of  at  the  end  of  March  or  beginning  of  April,  and  if  also  the  changes 
in  the  numbers  of  population  during  the  decennium  could  be  assumed 
to  take  place  by  arithmetical  progression.  It  is  more  reasonable  to 
assume,  however,  that  population  increases  by  geometrical  progression 
than  by  arithmetical  progression.  Apart  from  the  labour  involved  in 
the  computation  of  estimates  of  population  for  all  districts  and  counties 
on  the  assumption  of  geometrical  increase,  there  is  an  objection  to  this 
assumption  in  that  its  results  are  not  consistent ;  if,  for  example,  it  is 
true  for  districts,  it  is  not  true  for  the  counties  which  are  composed  of  these 

'  P.  cxvii. 
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districts,  and  if  true  for  districts  or  for  counties,  it  is  not  true  for  the 
country  as  a  whole.   He  adduces  the  following  example  -.— "  A  district 
had  a  population  of  10,0(X)  at  one  census,  and  of  11,025  at  the  next 
census;   on  the  assumption  of  geometrical  increase  its  population 
midway  between  the   two  censuses  was  10,500.    Another  district 
had  populations  of  10,000  and  22,500  at  the  two  censuses ;  on  the 
same  assumption,  its  population  midway  between  the  censuses  was 
15  000    The  two  districts  together  increased  from  20,000  to  66,.)J^ 
in 'the  intercensal  period;  and  the  aggregate  of  the  estimates  for  the 
two  districts  in  the  middle  of  the  period  is  25,500.  But  if  the  assumption 
of  geometrical  increase  be  applied  to  the  two  districts  together  instead 
of  to  each  district  separately,  the  estimate  for  the  middle  of  the  period 
will  not  be  25,500  but  25,894.    If,  then,  the  method  of  geometnc-al 
increase  be  used  at  all,  and  if  consistent  results  be  required,  the 
choice  •  lies  between  two  alternative  ways  of  applying  it.    Jl^ither  it 
can  be  applied  to  each  separate  district  in  the  country   and  the 
aggregate  of  the  estimates  for  the  districts  can  then  be  taken  as  the 
estimate  for  the  whole  country,  or  it  can  be  applied  to  the  country  as 
a  whole,  and  the  resulting  estimate  divided  m  some  manner  among 
the  districts."  The  assumption  of  a  regular  change  in  the  population 
of  an  entire  country  involves  less  risk  of  error  than  the  same  assumption 
respecting  portions  of  population,  because  the  former  is  independent 
of  the  factor  of  migration  between  one  populous  place  and  another 
within  the  country.    It  was  concluded,  therefore  as  evolving  ea^ 
error  that  theestimates  of  population  in  England  and  Wales  m  1891-19UU 
could  be  best  based  on  the  assumption  that  the  population  of  the  country 
as  a  whole  increased  by  geometrical  progression.  The  problem  became 
thereafter,  how  to  calculate  the  estimates  for  the  severa  districts  as 
portions  of  the  total  estimate.  Reverting  to  the  example  already  given, 
and  taking  the  total  populations  of  20,000  and  33,525  at  two  successive 
censuses  as  increasing  by  geometrical  progression,  the  population  in  the 
middle  of  the  period  would  be  25,894.  . 

The  relations  of  the  two  districts  to  the  total  are  as  follows  :— 


First  Census 

Second  Census 

Population 

Proportion  of 
Total 

Population 

Proportion  of 
ToUl 

Diatrict  A  . 
District  B  . 

10,000 
10,000 

•5 
•5 

11,025 
22,500 

•3288G 
•157114 

Total 

20,000 

1-0 

33,525 

1-00000 

District  A  changed  from  "5  to  •328»b  ot  tne  Lota.-iu... 
the  proportion  decreased  by  "17114.    If  the  decrease  be  supposed  o 
have  ocLrrcd  by  arithmetical  progression,  the  proportion  at  middh- 

of  the  period  was  "S-  ^  =  "^l^^- 

population  of  District  B  at  the  same  time  of  the  period  was  -58557  of 
the  total. 
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The  resulting  estimates  arc  as  follows  : — 


Population  at  Midrllo  of  Period 

Proportion  of  Total 

Number 

District  A  . 
District  B  . 

Total  . 

•41443 
•58557 

10,731 
15,163 

1-00000 

25,894 

The  application  of  this  method,  he  further  points  out,  is  not  limited 
to  two  districts  or  to  the  population  between  the  censuses ;  whatever 
the  number  of  districts  into  which  the  total  is  divided,  and  whatever 
the  interval,  if  the  proportions  be  calculated  by  arithmetical  progression 
their  sum  will  always  be  unity,  and  the  estimates  for  districts  will  always 
agree  with  the  estimate  for  the  total.  He  had  already  shown  i  (1)  that 
the  population  of  the  whole  changes  by  geometrical  progression,  and 
(2)  that  the  proportion  of  each  district  "to  the  whole  changes  by  arith- 
metical progression.  The  short  method  of  obtaining  the  same  results 
as  exemplified  in  the  preceding  tables  is  as  follows  The  two  factors 
for  the  population  midway  between  the  censuses  are  given  by  the 
following  formulae — ^viz. 

.Jr~  1 

o  /—'  ^       the  intercensal  rate  of  increase 

s/r 

33525 

of  the  total  population.    In  the  example  given  r  is  t;,^.^.^^  =  1-67625, 

and  n/1>67625  ^  .54735  1  .333^9 

2  Vl-67625 

Whatever,  then,  the  number  of  districts,  the  mid-census  population  of 
each  district  is  calculated  by  multiplying  its  population  at  the  -first 
census  by  -64735,  and  its  population  at  the  second  census  by  '38619. 
The  calculation  works  out  as  follows  : — 


Census 
Population 

Factor.s  for 
Mid -Census 
Estimates 

Census 
Population 
Multiplied  by 
Factors 

Mid-Census 
Estimates 

T^•  i  •  i  A  /  Fir.st  Census 
Di.strict  A{  „  , 

\^  becond  „ 

r.-  i  -  .  T>/ First  Census 
District  Bio  1 

10,000 
11,025 

-64735 
•38619 

6473-5 
4257-7 

j-  10,731-2 

10,000 
22,500 

•64735 
•38619 

6473-5 
8689-3 

1  15,162-8 

-  and  the  estimates  are  the  same  as  before. 

These  two  factors  having  once  been  calculated,  the  estimates  of 
I  population  for  all  districts  can  be  obtained  by  a  simple  process  directly 
I  from  their  census  populations. 

This  method  of  factors  can  be  extended  over  any  number  of  periods. 

Having  ascertained  the  total  population,  the  next  step  is  to  sort 
1  Jo7.tr.  Roy.  Stat.  Soc,  Juno,  1901. 
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it  out  into  ages.  This  is  called  the  Aqe-Dulrihulion  of  a  population, 
and  has  been  given  by  the  Registrar-General  since  the  census  return 
for  188 L  For  statistical  purposes,  it  is  supposed  to  remain  constant 
for  all  ages  from  one  census  period  to  the  next.  It  is  important  that  the 
age-distribution  should  be  ascertained,  since  the  death-rates  of  infancy 
and  old  age  are  considerably  higher  than  those  of  intermediate  ages, 
and  because  populations  difTer  as  to  the  numbers  of  persons  living 
at  these  ages.  It  may  be  taken  as  a  general  fact  that  rural  popula- 
tions contain  a  larger  proportion  of  persons  at  the  extremes  of  life  than 
town  or  urban  populations. 

Sex-Distribution— OWmg  to  the  lower  death-rates  which  prevaU  in 
the  female  sex,  except  between  the  ages  of  10  and  15,  the  existence  of 
a  large  proportion  of  females  in  any  population  tends  to  lower  the 
general  deatli-rate.  This  is  true  of  suburban,  factory  -  town,  and 
watering-place  popvilations,  where  a  large  number  of  female  domestic- 
servants  and  factory-hands  compose  the  population. 

Density  of  a  Population.— The  denser  the  population  m  a  given  area 
the  hit^her  will  be  the  general  death-rate,  under  ordinary  circum- 
stances'^   Thi?  has  been  abundantly  proved  from  the  experience  of 

populous  places.  <•  ^i    x  u 

This  is  seen,  for  example,  in  the  death-rates  per  1000  of  the  following 

Glasgow  Districts  for  1899  : — 

Table  I 


District 

Number  of  Persons 
per  Aero 

Death-rate 
per  Thousand 

Kelvinside    .         .        •  • 
Hillhead       .         •        •  • 
Blythswood 

High  Street  (West  Side) 
Cowcaddens 

9 
12 
107 
242 
280 



6-47 
9-66 
15-60 
26-66 
32-66 

The  average  density  of  any  given  population  is  arrivea  at  ^^-"^'^^ 
the  total  number  of  the  inhabitants  by  the  area  covered  ^7  f  3 
tations.    Thus  the  density  is  reckoned  as  so  many  persons  per  acre 
or  sauare  mile  or  by  any  other  unit  of  space.    The  actual  density  is 
obtained  Ty  ascertaining  the  precise  number  of  inhabitants  living 
^ith  n  a  certain  defined  and  measured  area.    Hence  the  a-erage  d^sns^Y 
mav  be  no  true  guide  to  the  actual  densities  in  a  given  population 
S  the  most  denily  and  most  sparsely  populated  d-tr^ts  are  a^^^^^^^^^ 
together,  as  are  also  the  most  open  and  most  ^''XTn.  ?ho  hc.l 
like  manner  the  number  of  rooms  in  a  house  has  an  effect  on  the  hcaltli 
of  its  population ;  generally  speaking,  the  smallest  houses,  which  give 
the  higS  death-rLs,  are 'those  which  are  occupied  by  persons  whose 

strueale  for  existence  is  the  hardest.  .  . 

fcious  habits  of  certain  classes  of  population  P^f  "^.;  ^  "^^^^^ 

high  infantile  mortality,  shortened  lives  .'"  I'tlS 

rates     This  might  be  demonstrated  in  many  wa>s,  ^f  '^f  ^J^'™^ 
fb  e  of  the  actual  conditions  which  existed  m  one  of  1- 

tricts  of  Glasgow  will  suffice  to  make  every  point  clear.    In  this  distuct 
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50  per  cent,  of  the  houses  are  "  ticketed" — that  is,  they  are  liable  to 
be  inspected  at  any  hour  of  night  or  day  for  the  existence  of  overcrowd- 
ing. The  population  largely  consisted  of  the  immoral,  criminal,  and 
lazy  classes. 

Table  II 

Effects  of  Uncleanliness  and  Vicious  Habits  on 
Health  of  Population  ^ 

Glasgow  District 


:} 


Birth-rate  per  1000  of  population 
Death-rate  „  ,, 

Uncertified  deaths 
Infantile  death-rate  (per  1000  born) 
Illegitimacy  .... 
Premature  births  (per  100  children  \ 
born)     .        .        .        .  ./ 
Inferior  houses  (ticketed)  . 
Pro\adence  (as  shown  by  insur 

ance  in  Friendly  Societies) 
Demands  on  samtary  staff  (per^ 
100  of  population)  .        .  ./ 
Born  on  rates  and  charity — 

Hospital  .... 

Out-door  .... 
Vaccinated  by  rates  and  charity 
Treated  in  sickness  by — 

Rates  .... 

Charity  .... 
Spent  in  food  .... 
Spent  in  drink  .... 


Worst 


30-49 
32-45 
18-5% 
239 
25% 

41 

51% 
40% 

231% 

10% 
45 

50% 

25-4% 
4-3% 
50% 
50% 


Best 


26-14 
13-89 

3% 
88 

3% 
12 

1-4% 
70% 

55 


Average  of  City 


34-92 
20-91 
5-7% 
133 
8% 

17-5 

18% 
56% 

84% 

3% 

22% 
25% 

10-6% 
4-9% 
Unloiown 


The  contrast  will  be  shown  even  better  by  comparing  this  very  bad 
'district  with  another  district  in  Glasgow  in  which  the  density  of  popu- 
lation is  greater,  where  the  percentage  of  one-  and  two-roomed  houses 
iis  identical,  but  which  is  inhabited  mainly  by  the  industrious  artisan 
classes. 

1  "The  Cleansing  Department  is  largely  occupied  in  sweepmg  up  and  re- 
movmg  filth  which  is  thrown  over  the  window.'?  and  deposited  about  the  courts. 
IThere  are  men  employed  doing  nothing  else  but  going  roimd  those  courts  and 
rclo.se.s  every  few  hours  throughout  the  day  with  brush  and  lioso  and  water-pail, 
"^nd  yet  they  are  never  clean."  This  district  "  furnishes  the  greater  part  of  the 
rork  of  the  Central  Police  Coiu-t."  Vide  paper  on  "  Sanitation  and  Social 
Economics,"  by  the  late  Dr  J.  B.  Russell,  Medical  Oflicer  of  Health,  Glasgow, 
^Tranaacliona  of  Phil.  Soc.  of  Glasgow,  vol.  xxi. 
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Table  III 
(1881) 


St  Rollox 
District  IV 

Bridgegate  and  Wyiids 
District  XIV 

Population 
Density  per  acre 
Total  births 
Total  deaths 
Birth-rate 
Death-rate 

Number  of  deaths  under  five 
Percentage  of  deaths  under 
five  to  total  deaths 

14,211 

316  persons 

654 

310 

46  per  1000 

21-8  „ 
132 

43 

7775 

222 

299 

295 
38-5 
37-9 

131 

44 

Within  the  last  few  years,  however,  this  unhealthy  district  (XIV.)  has 
been  completely  changed  for  the  better ;  old  houses  have  been  pulled 
down  by  streets;  new  and  wider  streets  have  been  formed;  and, 
generally,  by  the  substitution  of  new  houses  and  free  air-spaces,  its 
high  mortality  has  disappeared. 

But  even  density  of  population  and  the  operation  of  other  adverse 
factors  are  not  always  productive  of  the  highest  death-rate  m  a  mixed 
population.  If  we  take  the  death-rates  per  million  from  phthisis  and 
acute  pulmonary  diseases  as  our  test,  density  of  population  alone  does 
not  appear  to  be  the  principal  factor.  For  example  :  m  the  bt  KoUox 
district  of  Glasgow,  where  the  density  has  now  risen  to  368  persons 
per  acre,  and  in  that  of  Cowcaddens,  where  it  is  only  280  per  aqre, 
the  number  of  deaths  per  million  from  these  diseases  m  the 
former  was  4957,  whereas  in  the  latter  it  was  11,548,  notwithstanding 
the  fact  that  in  the  centre  of  the  former  is  one  of  the  largest  chemical 
works  in  the  world,  and  many  large  engineering  and  other  works. 
Moreover  in  1898  the  general  death-rate  from  all  causes  was  m  the 
former  19,  and  in  the  latter  32  per  thousand  per  annum. 

That  mere  density  of  population  is  not  the  lethal  factor  in  a  picked 
population  which  it  is  in  a  mixed  and  vicious  population  is  shown  by 
the  statistical  history  of  the  Peabody  and  Artisans'  Blo^^  Buildings  of 
London,  where  the  density  is  750  persons  per  acre^  In  1«84,  these  pro- 
perties, consisting  of  10,144  apartments,  occupied  by  18,4o^  persons, 
showed  a  birth-rate  of  44-6  per  1000,  or  10-9  h  gher  than  tlie  geneml 
London  rate  ;  a  death-rate  of  19-1  per  1000,  or  1;2  less ;  and  an  infan^ 
tUe  mortality  of  138-7  per  1000  births  or  13-7  less  than  the  London 
average.  0^  the  general  question  of  density  Newsholme  x  sa)  s  ^ 
properiy  :  "  It  wodd  be  a  mistake  to  suppose  that  the  ratio  of  density 
to  mortality  demonstrated  by  Dr  Farr  is  an  inexorable  law  in  ^pab  e 
of  mitigation.  The  fact  that  the  urban  is  generally  d^.^^^S  ;^,fP\*^ 
of  increasing  density,  and  is  decreasing  at  a  more  rapid  ^^'^^^f'^ 
rural  death-rate,  is  a  disproof  of  this."    Ogle  l^fs  f  own  in  Im  fagure^ 

of  the  relation  of  density  of  population  to  "^f^'^f  ^^^^'^ff;'  ^^'^n  h  i 
the  figure  reaches  400  persons  per  square  mile  density  is  not  an  mi 

portant  factor. 

1  Op.  cit.  p.  143. 


VITAL  STATISTICS  AND  STATISTICAL  EETUENS  35 

Birth-Rate. — The  birth-rate  of  a  population  is  calculated  from  the 
number  of  births  in  the  year  as  a  rate  per  1000  of  the  population  living 
at  the  middle  of  the  year  : 

Number  of  bii-tlis  in  the  year 

Population  in  middle  of  year  ^  ^^^^  =Birth-Rate.  • 
This  is  but  an  imperfect  way  of  reckoning,  since  it  takes  no  special 
count  of  the  number  of  persons  living  at  child-bearing  ages,  a  figure 
which  obviously  will  vary  in  different  populations.  A  more  accurate 
way,  though  also  mvolving  fallacies  when  comparison  between  one 
country  and  another,  or  one  town  and  another,  is  made  without  correc- 
tion for  variations  in  numbers  of  women  within  child-bearing  ages, 
would  be  to  calculate  the  rate  from  the  number  of  women  in  a  population 
within  the  years  of  child-bearing.  But  even  this  could  only  properly 
be  designated  as  a  live  birth-rate,  since  no  count  is  taken  of  still-births  ; 
therefore,  a  birth-rate  must  not  in  any  case  be  reckoned  as  a  fecundity- 
rate,  even  although  the  eventual  figure  might  not  be  much  different 
by  the  inclusion  of  the  still-births.  The  illegitimate  birth-rate  is 
worked  out  in  the  same  way. 

The  Effect  of  a  high  Birth-Rate  upon  the  Death-Rate.— This  has  been 
a  much-debated  question  for  many  years,  and  statisticians  have  been 
divided  m  opinion  on  the  subject ;  but  the  following  statement  may  be 
taken  as  fairly  expressive  of  the  effect  of  a  high  birth-rate  upon  the 
death-rate  of  commumties  under  different  circumstances  ;  where  a  high 
birth-rate  suddenly  obtains  from  a  sudden  influx  of  young  married 
persons  to  a  commumty,  by  reason  of  employment  or  otherwise,  the 
effect  IS  undoubtedly  to  raise  the  death-rate,  because  of  the  relatively 
much  higher  mortahty  of  infants  under  one  year  than  at  any  other 
age-period.  But  should  this  high  birth-rate  be  maintained  continu- 
ously over  a  series  of  years,  the  result  will  be  that  the  general  death- 
rate  IS  lowered,  because  its  continuance  contributes  to  the  sum  of 
those  lives  at  ages  at  which  mortahty  is  lowest.  Where  the  birth- 
rate on  the  other  hand  is  lower  than  the  average,  it  is  contributory  to 
an  increase  m  the  death-rate,  for  the  reasons  above  given 

Decline  m  Birth- Rates. -With  the  exception,  probably,  of  Germany, 
decline  in  the  birth-rate  is  a  significant  feature  of  most  of  the  nations 
of  the  world.  France  is  barely  making  ends  meet  in  new  lives.  Italy 
has  but  a  small  balance  in  its  favour.  In  the  United  States  of  America 
the  decline  is  marked.  Although  that  country  is,  under  regulated 
conditions  one  of  the  main  recipients  of  the  emigrants  from  all  parts 
of  the  globe,  its  increase  of  population  in  the  decade  ending  1900  only 
amounted  to  20-7  per  cent.,  having  fallen  to  that  figure  from  24-9  per 
cent,  in  1890,  and  from  30-1  per  cent,  in  1880.  Even  in  such  a  young 
colony  as  New  South  Wales  the  increase  of  population  was  only  better 
flTtfr'  by  the  sniall  margin  of  3  per  cent.  It  is  a  significant 
fact  that  since  1876  in  England  and  Wales  the  birth-rate  has  pro- 
gressively dec  med.  In  that  year  it  stood  at  36-3  per  1000,  and  in  its 
progressive  fall  it  reached  in  1899  the  figure  of  29-2,  in  1900  for  the 
whole  kingdom,  29  per  1000  of  population,  and  in  1907,  2(r3  per  1000 
ihis  last  fact  indicates  in  a  total  population  of  41^  millions  an  annual 

Inf   i'l- f''^'  ''^b°"^  250,000.    In  Scotland  the  same 

lowered  birth-rate  is  found,  and  that  notwithstanding  the  continued 
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maintenance  in  ratio  of  the  marriage-rate.  In  1861-1870  the  birth-rate 
per  1000  was  35,  in  1871-1880,  34-86,  in  1881-1890,  32-30,  and  in  1891- 
1900,  30-70.  In  all  the  counties  of  Scotland,  except  Kincardine,  Nairn, 
and  Kinross,  it  has  declined  between  1880  and  1899  ;  and  in  Roxburgh, 
Clackmannan,  and  Selkirk  the  decrease  has  been  very  considerable. 
There  can  be  little  doubt  that  the  main  reason  for  this  decline  is  due 
to  prevention  of  conception  by  married  persons. 

Lewis  in  a  critical  inquiry  i  into  tlie  data  obtained  from  the  birth-regist«rs 
for  Scotland  in  1855,  founded  as  these  were  on  the  schedules  of  the  first  Re- 
gistration Act  for  Scotland,  the  Act  of  1854,  and  which  contained  more  de- 
tailed information  than  subsequently  owing  to  the  limitation  of  inquiry  laid 
down  in  the  amending  Act  of  1856,  has  drawn  attention  to  some  very  interestmg 
facts  derived  therefrom.    The  details  demanded  in  the  Act  of  1854  in  respect  of 
births  were   unique   as  to   their  comprehensiveness.    The  following  facts 
emerged  from  his  inquiry  :— The  total  number  of  births  in  Scotland  m  1855 
was  93,369,  of  which  85,964  were  legitimate  and  7405  illegitimate  births.  Of 
the  total  legitimate  births  44,010  were  of  males,  and  41,954  of  females,  and  these 
were  the  product  or  offspring  of  84,971  wives.    The  illegitimate  burths  were  the 
offspring  of  7319  mothers.    The  mean  age  of  all  the  mfe-mothers  was  30-5 /S 
years  and  of  the  total  wife-mothers  at  all  ages,  53  per  cent,  were  under  that 
mean  age,  and  47  per  cent  over  it.    Dividing  the  parturient  ages  of  -mfe- 
mothers  (15  to  58  years)  into  quinquennial  groups,  it  was  found  that  the  age- 
group  25  to  29  contributed  28-12  per  cent.,  and  the  age-group  30  to  34  years. 
24-2  per  cent.,  both  together  maldng  52-32  per  cent,  of  the  total  legitimate  bu-ths^. 
The  ages  of  the  "  husband-fathers  "  ranged  from  17  to  86  years,  and  the  year 
of  age  which  gave  the  largest  number  of  births  was  30,  the  next  lughest  being 
28  years.    The  mean  age  of  the  84,971  husband-fathers  was  33-94  years,  the 
number  under  that  mean  forming  38-6  per  cent.,  and  the  mmiber  over  it,  61-4 
ner  cent  of  the  total  number.    Tliis,  it  will  be  observed,  was  practicaUy  the 
reverse  of  the  wife-mothers.    The  bulk  of  the  children  born  in  that  year  w6re 
of  fathers  whose  age  was  over  30-5  years  and  of  mothers  whose  age  was  imder 
that  figm-e.    The  comparative  fertiUty— that  is  the  "  quantity  of  ascertained 
productiveness  "—of  the  total  female  population  of  that  year  was  greatest  m 
the  decade  25-34  years,  and  showed  a  decline  after  the  age  of  34  years  Male 
fertiUty  was  highest  in  the  age-group  30  to  34  years,  and  next  lughest  m  the 
group  35  to  39  years,  and  not  ten  years  earlier  as  m  the  other  sex     Tlie  data 
with  relation  to  the  comparative  fecmidity-that  is,  the  "quality  of  ascertained 
productiveness  "-viz.  398,307  wives  at  child-bearmg  ages,  and  S^'^'^^";""' 
^ves,  showed  that  one  wife  in  five,  or  21  per  cent.,  was  annually  fruitful,  that 
wives  between  the  ages  of  15  and  19  were  most  fecund   over  51  per  cent  of 
these  proved  fruitful  in  any  year),  and  tliat  there  was  a  falhng  oft  of  8  per  cent, 
in  the  age-group  20  to  24,  and  a  steady  decline  in  each  subsequentqumquenmum . 
Of  the  husband^  totalling  425,747,  and  of  husband-fathers,  «4.97  .  he^cuiuh  y 
showed  (1)  that  there  were  5  husbands  for  each  husband-  ather,  (2)  t^at  of  each 
100  husbands,  19-96  annually  became  fathers  of  living  children,  and  O)  that  the 
fecundity  at  each  age-gi-oup  wa.  higher  than  that  of  wives  f  .«°7<^^P-^f  '^g^' 
™s     Of  multiple  births  in  1855,  there  were  eleven  triplet  births,  one  of 
which  Instances  wJs  illegitimate-that  is,  once  in  8497  legitimate  cleliveries  or 
Tnce  n  8391  deliveries  over  all,  or  ab  the  rate  of  119  per  m.  lion.    Smce  ISoo 
tm  1901  inclusive,  triple  births  have  numbered  116  per  million  confinen  ent>. 
Twin  births  in  1855  occurred  once  in  every  87-06  confinements.    The  fema  e  ap 
at  w^iich  the  largest  number  of  twins  occurred  was  30,  the  next  bemg  3o,  tl.. 
jrreatest  number  of  fathers  being  over  30  years  of  age. 

^  lJw  deals  also  with  the  masculinity  of  peoples.  By  the  term  n-^-'  , 
he  means  the  proportional  preponderance  of  males  over  females  at  birth,  tl.. 

1  "  Natality  and  Fecundity,"  1905. 
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masculinity  being  positive  where  the  males  per  1000  females  are  in  excess  of 
that  figure,  and  negative  when  they  fall  below  that  figure.  The  masculinity 
of  a  people,  ho  points  out,  rarely  exceeds  1100 — i.e.  1100  males  to  1000  female 
bii-ths — or  falls  below  900.  Masculinity  differs  in  different  nations.  In  1904, 
Greece  and  Roumania  had  the  highest  masculinity,  France  was  very  low, 
and  the  United  liingdom  showed  only  a  medium  masculinity.  In  England 
and  Wales  in  1851-1860  it  was  1046,  the  birth-rate  being  then  34-1  per  1000  of 
population,  and  in  1891-1900,  1036  with  a  birth-rate  of  29-9  per  1000.  In 
Scotland,  in  the  same  decades,  the  figures  were  1057  and  34-1  and  1050  and  30-2 
respectively.  In  France  in  1851-1860  the  figures  were  1056  and  26-7,  and  in 
1891-1900,  1041  and  22-2. 

SteriUty,  which  simply  denotes  in  this  case  the  absence  of  living  registrable 
issue  during  conjugal  existence  at  reproductive  ages,  was  exhibited  in  the 
stati.stics  of  1855  in  the  case  of  17-8  per  cent,  of  the  wives  ;  or,  put  in  another 
way,  one  in  5-62  appeared  in  the  register  of  marriages  but  not  in  the  register 
of  births.  Deducting  the  number  of  wives  married  at  ages  over  48  years,  the 
percentjige  of  sterile  wives  falls  to  16-45  per  cent.,  or  1  in  every  6  wives  proved 
vmfertile.  According  to  the  data  for  1855,  it  would  seem,  taking  all  ages  to- 
gether, that  when  a  woman  has  been  married  for  five  years  without  issue,  the 
probabiUty  that  she  will  not  conceive  at  all  is  about  17  to  1. 

Notification  of  Births  Act,  1907.— By  the  Notification  of  Births  Act, 
1907  (7  Edw.  VII.  ch.  40),  in  any  district  of  a  Local  Authority  in  which 
the  Act  has  been  adopted — for  the  Act  is  only  an  adoptive  Act — 
due  intimation  must  be  made  to  the  Medical  Officer  of  Health  of  the  dis- 
trict of  every  child  born  within  thirty-six  hours  after  the  birth  "  which 
has  issued  forth  from  its  mother  after  the  expiration  of  the  twenty-eighth 
weeTc  of  pregnancy,  whether  alive  or  dead." 

Section  1.  Enacts  that  in  the  case  of  every  child  born  in  an  area  in  which  the 
Act  is  adopted,  it  shall  be  the  duty  of  the  father,  if  he  is  actually  residing  in  the 
house  where  the  birth  takes  place  at  the  time  of  its  occurrence,  or  of  any  person 
in  attendance  at  the  time  of,  or  within  six  hom-s  after,  the  birth,  to  give  notice 
in  writing  of  the  bu-th  to  the  medical  officer  of  health  by  posting  a  prepaid  letter 
or  postcard  addressed  to  that  official  at  his  office  or  residence,  giving  notice  of 
the  birth,  within  36  hours  after  the  birth,  or  by  delivering  a  written  notice  of  the 
birth  at  the  office  or  residence  of  that  official  within  the  same  time  ;  and  the 
Local  Authority  shall  supply  without  charge  addressed  and  stamped  postcards 
containing  the  form  of  notice  to  any  medical  practitioner  or  midwife  residing  or 
practising  in  their  area,  who  applies  for  the  same.  Any  person  who  fails  to 
give  notice  of  a  birth  as  above  shall  be  hable  on  summary  conviction  to  a  penalty 
1  not  exceeding  twenty  shillings  imless  he  satisfies  the  court  that  he  had  reason- 
I  able  grounds  to  believe  that  notice  had  been  duly  given  by  some  other  person. 

The  notification  required  by  this  Act  shall  be  in  addition  to,  and  not  in  sub- 
■  stitution  for,  the  requirements  of  any  Act  relating  to  registration  of  births  ;  and 
>  any  registrar  of  births  and  deaths  within  any  area  in  which  this  Act  is  adopted 
shall  at  all  reasonable  times  have  access  to  notices  of  births  received  by  the 
1  medical  officer  of  health  under  this  Act  or  to  any  book  recording  the  same, 
I  for  the  purpose  of  obtaining  information  concerning  births  within  his  district. 
_  Section  2.  Enacts  that  a  Local  Authority  may  by  resolution  adopt  this  Act 
1  in  their  area.  According  to  the  schedule  of  the  Act,  such  resolution  of  adoption 
!  mast  be  passed  at  a  meeting  of  the  council  specially  called  for  the  purpose  after 
t  notice  of  the  intention  to  propose  such  resolution  has  been  given  to  every 
I  member  of  council  at  least  one  calendar  month  before  such  meeting.  Such 
rresolution  after  being  passed  shall  be  pubhshed  by  advertisement  in  one  or 
rmoro  newspapers  circulating  within  the  area  of  the  council,  and  otherwise 
las  the  coimcil  may  deem  sufficient  for  giving  notice  thereof  to  all  persons  in- 
ttero.sted.    A  copy  of  such  resolution  of  adoption  shall  be  sent  to  the  Local 
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Governmont  Board,  and  the  resolution  of  adoption  shall  come  into  operation 
not  loss  than  one  month  after  first  publication  of  the  advertisement  at  such  time 
as  may  be  fixed  by  the  Local  Government  Board,  after  consent  of  the  Board. 

As  soon  as  consent  of  the  Boai'd  is  given,  tlie  Local  Authority  shall  bring  the 
provisions  of  the  Act  to  the  attention  of  all  medical  practitioners  and  midwives 
practising  in  their  area. 

The  expression  "  Local  Authority  "  used  in  the  Act  means  the  council  of  a 
borough  (including  the  council  of  a  metropolitan  borough  of  the  city  of  London), 
the  covmcil  of  an  urban  or  rm-al  district,  and  the  council  of  a  county  (other  than 
the  county  of  London),  who  may  adopt  the  Act  either  for  their  whole  county 
or  for  any  county  district  therein. 

When  the  Act  is  adopted  by  a  coimty  coimcil,  the  coimty  medical  officer  of 
health  shall  be  substituted  for  the  medical  officer  of  health  of  the  district  ;  and 
if,  where  the  Act  has  been  adopted  by  the  covmcil  of  a  county  for  any  county 
district,  the  council  of  the  district,  or  where  the  Act  has  been  adopted  by  the 
coimcil  of  a  county  district  for  their  district,  the  county  coimcil  sub-sequently 
apply  to  the  Local  Government  Board  to  be  made  the  authority  for  the  pur- 
poses of  this  Act,  the  Board  may,  if  they  think  fit,  make  an  order  accordingly. 

In  London,  the  medical  officer  of  health  of  every  metropolitan  borough 
(including  the  city  of  London)  in  which  this  Act  is  in  force  for  the  time  being 
shall  send  weeldy  to  the  London  Coimty  Council,  in  a  form  prescribed  by  the 
Local  Government  Board,  a  list  of  all  notices  of  birth  received  by  him  under  this 
Act  during  the  past  week. 

Section  3.  The  Local  Govermnent  Board  may  by  order  declare  that  this 
Act  shall  be  in  force  in  the  area  of  any  Local  Authority  who  have  power  to 
adopt  the  Act,  although  it  has  not  been  so  adopted,  if  they  think  it  expedient, 
having  regard  to  the  circumstances  of  the  area,  such  order  to  have  the  same 
effect  as  a  resolution  of  adoption  duly  passed  by  the  Local  Authority  of  the 
area  and  assented  to  by  the  Board. 

The  Act  is  adoptive  for  England,  Scotland,  and  Ireland. 

According  to  the  Births  and  Deaths  Registration  (Scotland)  Act,  1854 
(17  and  18  Vict.  cap.  80),  a  registrar  may  call  upon  a  medical  practitioner  to 
give  information  regarding  the  birth  of  a  child. 

Tie  Marriage-Rate,  as  usually  returned,  is  calculated  from  the 
annual  marriages  divided  by  the  total  population,  and  the  quotient  mul- 
tiplied by  1000  ;  it  is,  therefore,  a  ratio  per  1000  of  population,  thus  : 

Annual  number  of  marriages  .  -r>.,+« 

 p=—  ^  X  1000  =Marriage-Ilate. 

Total  population 

Marriages  are  relatively  more  frequent  in  urban  than  in  rural  com- 
munities, chiefly  because  the  sexes  at  marriageable  ages  are  attracted 
to  the  populous  centres  by  facilities  of  remunerative  employment. 
It  has  been  suggested  that  the  rate  would  be  better  expressed  as  the 
annual  marriages  divided  by  the  population  of  both  sexes  above  the 
age  of  fifteen,  and  the  quotient  multiplied  by  1000. 

Death-Rates.—T\iQ  annual  death-rate  of  a  population  is  reckoned 
from  the  number  of  deaths  in  the  year  divided  by  the  population  in 
the  middle  of  the  year  and  the  answer  multiplied  by  1000,  thus  : 

Nim^ber  of  deaths  in  the  year  ^  j^qo  ^j^^^^i^.R^te. 
Population  at  middle  of  the  year 
But  weekly,  monthly,  and  quarterly  death-rates  in  terms  of  1(300  pcT 
annum  are  also  returned  in  statistical  reports.    The  first  is  obtained 
by  dividing  the  mean  annual  population  by  52-17747,  the  exact  num- 
ber of  weeks  in  a  year,  and  thus  arriving  at  the  weekly  population,  by 
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wluch  the  number  of  weekly  deaths  is  divided  ;  the  product  multiplied 
by  1000  gives  the  weekly  death-rate  in  terms  of  1000  per  annum, 
thus : 

Number  of  deaths     the  week  ^  ^^^^  ^Weekly  Death-Rate  per  1000  per  annum. 
Moan  population  -r  52-17747 

The  monthly  rate  is  obtained  by  dividing  the  mean  annual  population 
by  365-24226,  the  exact  number  of  days  in  a  year,  and  multiplying  the 
quotient  by  the  number  of  days  in  the  month  the  rate  of  which  is  wanted. 
This  gives  the  monthly  population.  Then  the  number  of  deaths  in  the 
month  is  divided  by  the  monthly  population,  the  product  multiplied 
by  1000,  and  the  answer  is  the  monthly  death-rate  in  terms  of  1000 
per  annum,  thus  : 

Number  of  deaths  in  the  month  x  1000  =  Monthly  Death- 

Mean  population -r  365 -24226  x  number  of  days  in  month  Rate  per  ICOO  per  annum. 

The  quai-terly  death-rate  is  obtained  by  a  similar  process,  except  that 
the  daily  population  got  as  described  is  multiplied  by  the  number  of 
days  in  the  quarter,  to  get  the  quarterly  popidation,  which  when  cal- 
culated into  the  number  of  deaths  in  the  quarter  and  multiplied  by  1000, 
gives  the  quarterly  death-rate  in  terms  of  1000  per  annum.  "Where 
a  medical  officer  is  required  to  give  weekly,  monthly,  and  quarterly 
returns  of  the  death-rate,  in  view  of  the  fact  that  the  number  of  days 
in  a  month  and  in  a  quarter  varies,  it  is  a  convenient  plan  for  a  newly 
appointed  officer,  when  he  has  arrived  at  the  knowledge  of  the  number 
of  persons  in  his  district,  to  make  once  and  for  all  in  each  year  a  calcula- 
tion of  the  daily  population  by  dividing  the  total  annual  population 
by  365-24226,  and  preserving  for  ready  reference  the  figure  thus  obtained. 
A  weekly,  monthly  or  quarterly  population  is  thus  easily  obtained  by 
multiplying  this  figure  by  the  necessary  number  of  days  in  the  period, 
and  is  thus  comparable  with  the  number  of  deaths  in  the  same  respective 
periods,  the  result  to  be  rendered  in  terms  of  a  rate  per  1000  of  popu-, 
lation  per  annum. 

Corrections  of  Crude  Death-Rate— The  death-rate  so  obtained  is  the, 
general  or  crude  death-rate,  but  it  is  susceptible  of  various  corrections. ; 
Thus  in  any  large  population  in  which  there  are  public  institutions; 
frequented  by  persons  non-resident  in  that  population,  the  deaths  of 
such  cannot  be  fairly  debited  in  the  returns  of  that  population,  and 
therefore  must  not  be  reckoned  as  part  of  the  death-toll ;  in  lil^e  manner 
the  deaths  of  residents  which  take  place  outside  the  area  must  be 
included. 

The  second  correction  is  that  for  sex-  and  age-distribution.  As  has 
already  been  stated,  any  population  with  an  unusually  large  number 
of  units  at  the  extreme  ends  of  life  will  have  a  higher  death-rate  than 
an  average  mixed  community,  and  one  having  an  unusual  preponderance 
of  females,  a  lower  death-rate.  In  order,  then,  to  make  the  death-rates 
of  such  places  comparable  with  those  of  other  places,  corrections  must 
be  made  for  the  incidence  of  age  and  sex.  The  Registrar- General 
gives  factors  for  the  principal  populations,  based  upon  these  factors 
as  ascertained  at  the  previous  census.  These  factors  are  obtained  from 
the  mean  annual  death-rate  of  the  country  for  the  decade  prior  to  the 
last  census  for  each  age  and  sex,  and  calculated  into  the  age-  and  sex- 
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distribution  of  the  area  according  to  the  last  census.  The  total  deatlis 
thus  calculated,  multiplied  by  1000,  and  divided  by  the  population  of 
the  last  census,  give  the  standard  death-rate.  The  mean  annual  death- 
rate  of  the  country  divided  by  the  standard  death-rate  gives  the  factor 
for  correction,  which  multiplied  by  the  recorded  death-rate  gives  the 
corrected  death-rate.  The  factor  for  correction  is,  in  most  cases,  great(;r 
than  unity  in  the  case  of  large  populations,  but  not,  as  a  rule,  in  small 
towns  or  rural  districts.  The  comparative  mortality  figure  is  obtained  by 
multiplying  the  corrected  death-rate  by  1000  and  dividing  by  the  death- 
rate  for  the  whole  country.  The  term  "  standard  death-rate  "  signifies 
the  death-rate  at  all  ages  calculated  on  the  assumption  that  the  death- 
rate  of  each  of  the  eleven  age-periods  in  any  populous  place  was  the 
same  as  in  England  and  Wales  during  the  previous  intercensal  decade. 
This  standard  death-rate  is  operative  during  the  current  decennial 
years,  and  is  the  means  of  correcting  the  annual  death-rates  in  any 
populous  place.  The  term  "  factor  for  correction  "  is  the  figure  by 
which  a  recorded  death-rate  must  be  multiplied  to  correct  for  variations 
of  sex-distribution  and  age -distribution  in  any  populous  place,  or, 
in  other  words,  is  the  figure  obtained  by  dividing  the  annual  death-rate 
of  the  country  by  the  local  standard  death-rate.  The  "  corrected  death- 
rate  "  is  the  recorded  death-rate  multiplied  by  the  factor  for  correction, 
or  the  death-rate  which  would  have  been  recorded  in  a  populous  place, 
had  the  sex-  and  age-distribution  therein  been  the  same  as  that  of  the 
whole  country.  The  "  comparative  mortality  figure  "  is  a  figure  obtained 
by  reducing  the  annual  death-rate  of  the  country  to  1000  and  com- 
paring the  corrected  death-rate  of  the  place  with  it. 

An  example,  which  we  quote  from  Newsholme,^  will  illustrate  how 
these  factors  are  obtained. 


Table  IV 


Ages 

Mean  Annual  Death- 
Rate    of  England 
and  Wales  1881-1800, 
per  1000  living  at 
each  Group  of  Ages 

Population  of 
Hudderslield  in  1891 

Calculated  Number 
of  Deaths  in  Hud- 
derslield 

Males 

Females 

Males 

Females 

Males 

Females 

Under  5  . 
5—  . 

10—    .    ■  . 

15-  . 
20-  . 
25—  . 
35—  . 
45—  . 
55—  . 
65—  . 

75  and  upwards 

61-59 
5-35 
2-96 

4-  33 

5-  73 
7-78 

12-41 
19-36 
34-69 
70-39 
162-62 

51-95 
5-27 
3.11 

4-  42 

5-  54 
7-41 

10-61 
15-09 
28-45 
60-36 
147-98 

4551 
4691 
5113 
4905 
4541 
7466 
5576 
3944 
2393 
1128 
250 

4785 
5081 
5165 
5549 
5461 
8834 
6265 
4649 
3017 
1590 
466 

280 
25 
15 
21 
26 
58 
69 
76 
83 
79 
41 

249 
27 
16 
25 
30 
65 
66 
70 
86 
96 
69 

44,558 

.50,862 

773 

799 

Total 

95,420 

1572 

1  Op.  cit.  p.  1 10. 
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Tlie  standard  death-rate  for  Huddersfield  in  1891  thus  works  out : 


1572x  1000 


10-47  per  1000. 


95,420 

The  annual  death-rate  for  England  and  Wales  in  1881-1890  was  19-15  ;  there- 
fore the  factor  for  correction  for  age  and  sex  for  Huddersfield  is  =1-1627  ; 

in  other  words,  the  age-  and  sex-distribution  in  that  town  was  much  more  favour- 
able to  a  low  death-rate  than  in  the  rest  of  England.  The  corrected  death-rate 
for  Huddersfield  is,  therefore,  the  recorded  death-rate  (16-47)  multiplied  by  the 
factor  for  correction  ;  thus  16-47  X  1-1627  =19-149  or  19-15  per  IQOO  per  annimi. 
The  comparative  mortality  figm-e  for  that  town  is  the  corrected  death-rate  of  the 
town — viz.  19-15,  compared  with  the  recorded  death-rate  at  all  ages  in  England 
and  Wales  in  the  same  year — viz.  17-43,  taken  as  1000. 


thus 


19-15x1000 
17-43 


=1098. 


Having  ascertained  the  general  death-rate  of  the  community, 
death-rates  according  to  sex,  to  age,  and  to  certain  classes  of  disease 
must  be  made  out  in  order  to  indicate  the  conditions  which  bear  upon 
life.  ^ 

Death-Rates  of  Age-Groups. — The  age-groups  for  which  rates  are 
calculated  are  twelve  in  number — ^viz. 


Under 

85  and 
U15  wards 

one  year — 

5— 

10— 

lii— 

20— 

25— 

45— 

5B~ 

65— 

75— 

It  may  be  said,  generally,  that  the  death-rates  of  the  age-groups 
under  5  and  over  55  are  higher  than  the  general  death-rate  for  all 
ages  ;  that  the  rate  between  10-15  is  the  lowest ;  while  between  5  and 
25  the  rate  is  lower  than  that  at  later  ages. 

Infantile  Mortality. —This  is  reckoned  by  dividing  the  number  of 
deaths  ^of.  infants  under  one  year  by  the  number  of  births  registered 
during  the  year,  and  multiplying  the  quotient  by  1000,  thus  : 
Deaths  of  children  under  one  year 

Births  registered  during  the  year    1000  =  Infantile  Mortality. 

The  incidence  of  infantile  mortality  varies  in  different  countries 
of  the  world,  and  in  different  populous  centres  in  any  given  State. 
It  may  be  stated  as  a  broad  fact'  that  high  death-rates  in  children 
under  one  year  of  age  prevail  in  all  parts  of  the  civilised  world.  If 
attention  be  confined  to  the  United  Kingdom,  the  following  statistical 
itables  will  show  the  prevalence  of  the  mortality  in  the  first  year  of 


42 


PUBLIC  HEALTH 


Table  V 

Deaths  of  Children  under  One  Year  in  England  and  Wales,  in  London, 
and  in  the  English  Provinces  for  the  Years  1891  and  1900 


Male  Infant  Deaths 


Year 

Under  Tliren 
Months 

Under  Six 
Months 

Under 
Twelve 
Months 

Total  under 
One  Year 

England  and  Wales 

1891 

37,912 

!  15,266 

23,079 

76,257 

London 
English  Provinces 

J) 
J) 

5,379 
32,533 

2,397 
12,869 

3,632 
19,447 

11,408 
64,849 

England  and  Wales 

1900 

39,158 

16,745 

23,555 

79,458 

London 
English  Provinces 

s> 
>? 

5,575 
33,583 

2,459 
14,286 

3,518 
20,037 

11,552 
67,906 

Female  Infant  Deaths 

Year 

Under  Three 
Months 

Under  Six 
Months 

Under 
Twelve 
Months 

Total  under 
One  Year 

England  and  Wales 

1891 

28,609 

11,874 

19,061 

59,544 

London 
EngUsh  Provinces 

4,283 
24,326 

1,889 
9,985 

3,196 
15,865 

9,368 
50,176 

England  and  Wales 

1900 

29,662 

13,538 

20,254 

63,454 

London 
English  Provinces 

>> 

>9 

4,269 
25,393 

2,080 
11,458 

3,138 
17,116 

9,487 
53,967 

Summing  these  figures  for  both,  sexes  who  died  under  one  year,  there 
were  135,801  deaths  in  1891,  of  which  20,776  occurred  in  London, 
and  115,025  in  the  provinces,  and  142,912  in  1900,  of  which  21,039 
happened  in  London,  and  121,873  in  the  provinces.  These  gross 
totals  must  be  compared  with  the  total  births  in  these  respective  years 
for  each  division  of  the  country.  But  that  the  mortality  figures  are 
high  is  apparent  by  taking  the  infantile  mortality  in  England  and 
Wales  for  the  same  years.  For  males,  the  mortality  rate  in  1891  was 
164,  and  in  1900,  169  per  1000  births,  and  for  females,  133  per  1000, 
and  139  per  1000,  in  the  same  years  respectively.  The  incidence 
of  infantile  mortality  varies,  as  might  be  expected,  in  different  parts 
of  England.  In  counties  which  possess  large  urban  or  populous  centres 
the  rate  is  found  to  be  higher  than  in  those  in  which  the  population  is 
mainly  rural ;  thus,  in  the  counties  of  Lancashire,  Northunibcrland, 
and  Durham,  which  contain  large  manufacturing  centres,  the  average 
infantile  mortality  in  1901  was  197  for  males  and  163  for  females  per 
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1000  births,  whereas  in  Rutland,  Wilts,  and  Dorset,  counties  which 
are  chiefly  agricultural,  the  average  mortality  in  the  same  year  was 
102  per  1000  for  males  and  88  per  1000  for  female  children. 

The  following  figures,  which  are  the  most  recent  for  England  and 
Wales,  were  given  by  the  President  of  the  Local  Government  Board  in 
answer  to  a  question  in  the  House  of  Commons : — 

Table  VI 


I. — Infant  Mortality  in,  each  of  the  Years  1904  to  1908 


Deaths  under  1  Year  to  1000  Births  in 
the  Years 

1904 

1905 

1906 

1907 

1908 

England  and  Wales 

145 

128 

132 

118 

121 

76  great  towns,  including  London 

160 

140 

145 

127 

129 

London 

145 

130 

131 

116 

113 

142  smaller  towns  .... 

154 

1321 

138 

122 

124 

England  and  Wales,  less  the  218  towns 

125 

1132 

116 

106 

110 

IX_ — Infant  Mortality  in  the  First  Nine  Months  of  each  of  the  Years  1904 

to  1909 


Deaths  under  1  Year  to  1000  Births  in  the 

First  Three-quarters  of  each  of  the  Years 

1904 

1905 

1006 

1907 

1908 

1909 

England  and  Wales  .... 

149 

131 

135 

113 

115 

106 

76  great  towns,  including  London 

165 

142 

148 

118 

123 

114 

London  ...... 

149 

129 

133 

110 

110 

104 

142  smaller  towns  .... 

157 

1361 

140 

118 

117 

107^ 

England  and  Wales,  less  the  218  towns 

127 

1162 

117 

104 

105 

97* 

1  141  small  towns. 
'  143  small  towns. 


2  Less  217  towns. 
Less  219  towns. 
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Tlio  following  table  shows  the  rates  in  several  of  the  registration 
counties : — • 

Table  VII 

Infantile  Mortality  in  English  Counties  and  in  Wales  fcr  1000  Births 

in  1901 


Rogistrntioii  County 

MaloH 

Females 

XVU  ulclIlU, 

sjy 

yu 

VV livh 

lUl 

SO 

Dorset"  ...... 

\\)t 

ao 

TV  ^  O     1 1 1  V_/  X      X  C\J  L  L  \A.                   *                      .                      •                      ,  . 

1 04 

XlUl  tiUltl  ...... 

1  1  1 
111 

rsn        n  o"  m  fi  in 

1  1  % 

ini 

lUl 

Hixiitingclon  ..... 

1  1  n 
110 

10 

S  0  iTie  rs  e  t       .         ,        ,        .        ,  . 

1  1  "7 

11/ 

Q(i 

oy 

Hereford  ...... 

1  1  Q 
1  1  O 

yz 

Berkshire  ...... 

1  ly 

yu 

Shropsliir©  ...... 

1  1  o 

1  ly 

1  t\f\ 

100 

Sussex  ...... 

1  O  1 

izi 

lOo 

Oxford.  ...... 

1  oo 

izz 

oy 

Gloucester  ...... 

1 ZO 

1  A?; 
lUO 

x5eciiorci  ...... 

1  OQ 

y  / 

C  ambr  i  dge  ...... 

IZo 

yy 

OLUiey  ...... 

inn 

Hampshire  ...... 

loo 

1  lo 

Devon  ...... 

loo 

1  A7 

IVLiLlLUciSitJ  A.  ...... 

loo 

Cornwall  ...... 

loy 

1  A;^ 
lUO 

Cumberland  ...... 

141 

1 1  / 

OUtlOlK  ...... 

1  AA 
lUO 

IN  oi  uu  VV  Uiies  ..... 

ivent  ....... 

i^y 

111 

111 

VV  orccsTiGi 

1  4.0 

190 

Lincoln 

lOO 

1  9t 
1  ^o 

INOriOlK.  ...... 

lO  / 

1  1  o 

Yorks  (North  Riding)  .... 

lOo 

1  *U 

Essex 

1  oy 

loo 

London  ...... 

1  \iit 

1  oo 

Derby  ....... 

164 

113 

Leicester  ...... 

167 

138 

Monmouth  ...... 

167 

144 

Cheshire  ...... 

171 

138 

Yorks  (East  Riding)  .... 

177 

143 

Stafford  

181 

146 

Yorks  (West  Riding)  .... 

184 

152 

Warwick  ...... 

184 

151 

Nottingham  ..... 

186 

157 

Soxith  Wales  

187 

153 

Durham  ...... 

194 

164 

Lancashire  ...... 

1!)6 

162 

Northumberland  ..... 

201 

163 

136 


England  and  Wales       .        .        .        .        |        166  j 
A  brief  consideration  of  the  foregoing  table  will  indicate  at  once  that 
those  counties  in  which  infantile  mortality  rates  are  highest  are  the 
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counties  which  are  largely  given  over  to  industrial  operations,  in  several 
of  which  women  are  much  employed  while,  perhaps,  suckling  their 
infants,  or  who,  because  of  such  emj)loyment,  are  either  unable  to 
perform  this  maternal  duty  or  neglect  it. 

The  statistical  records  of  Scotland  bear  out  the  same  conclusions, 
as  is  shown  in  the  following  tables  : — 


Table  VIII 

Deaths  of  Infants  under  One  Year  in  1891  in  Different  Districts  of 

Scotland 


Total  Births 

Deaths 
Undei' Three 
Months 

Deaths 
Under  Six 
Months 

Deaths 
Under 
Twelve 
Months 

Total  Deaths 
under  One 
Year 

Scotland  . 

125,986 

8,211 

2,890 

5,009 

16,110 

Principal  To-mis 

52,407 

3,782 

1,333 

2,598 

7,713 

Large  ,, 

15,883 

1,077 

368 

615 

2,060 

Small          ,,  . 

26,860 

1,700 

672 

1,026 

2,389 

Mainland  Rural  Districts 

27,977 

1,499 

476 

692 

2,667 

Insular  Rural  Districts 

2,859 

153 

41 

78 

272 

Table  for  1900 

Total  Births 

Deaths 
UnderThree 
Months 

Deaths 
Under  Six 
Months 

Deaths 
Under 
Twelve 
Months 

Total  Deaths 
Under  One 
Year 

Scotland 

131,401 

8,626 

3,220 

5,042 

16,888 

Principal  Towns 

57,089 

4,131 

1,604 

2,652 

8,387 

Large  Towns 

18,686 

1,245 

500 

783 

2,528 

Small  Towns 

28,459 

1,804 

640 

1,010 

3,454 

Mainland  Rural  Districts 

24,582 

1,317 

453 

555 

2,325 

Insular  Rural  Districts 

2,585 

129 

23 

42 

194 

Table  IX 

ilnfantile  Mortality  in  Scotland  and  in  Group- Areas  per  1000  Births  and 
'  for  Both  Sexes  under  One  Year  of  Age,  for  1891  and  1900 


1891 

1900 

Scotland — Average  of  all        .        .  . 

127-8 

128-5 

Principal  Town  Districts 

147-2 

146-9 

'  Largo  Town  Districts  .... 

129-7 

135-3 

Small  Town  Districts     .  . 

126-5 

121-3 

Mainland  Rural  Districts 

95-3 

94-5 

Insular  Rural  Districts  .... 

95-1 

75-0 
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Table  X 

Infantile  Mortality  per  1000  Births  in  the  Principal  Towns  of  Scotland 


Town 


Glasgow 
Edinbiirgh 
Dundee 
Aberdeen 
Leith  . 
Paisley 
Greenock 
Perth  . 
Kilmarnock 
Govan  and  Partick 
Coatbridge  . 


1891 


166-9 
140-5 
203-2 
149-8 
145-1 
157-8 
161-6 
114-3 
135-0 


I'JOO 


172-8 
154-0 
199-2 
177-8 
135-2 

144-  7 
152-5 

145-  6 
128-8 
156-1 
145-9 


These  tables  indicate  difierences  in  incidence  of  mortality  among 
infants  which  point  not  only  to  difierences  in  hygienic  conditions  but 
also  to  the  custom  of  mothers  in  rearing  their  infants.  Artificial  feeding 
prevails  much  more  in  town  populations  than  m  rural  populations ; 
indeed  it  is  the  exception  in  a  Scottish  rural  district  to  find  an  infant 
being  bottle-fed.  The  highest  rates  also  obtain  m  those  towns  m  which 
mothers  are  most  employed  in  industry.  This  is  notably  the  case  in 
Dundee,  Glasgow,  and  Greenock.  wi, 

Diseases  which  contribute  chiefly  to  Infantde  Mortality.— When  the 
registered  causes  of  deaths  of  infants  under  one  year  are  analysed,  it 
is  found  that  they  resolve  themselves  into  well-defined  groups.  A 
serviceable  classification  of  group-causes  is  as  foUows  :— (a)  infectious 
diseases  ;  (&)  diarrhoeal  diseases  ;  (c)  tubercular  diseases  ;  {d)  meningitis 
and  convulsions  ;  (e)  lung  diseases  ;  (/)  wasting  diseases  ;  and  {g)  other 
causes     Under  the  heading   of   diarrhoeal  diseases   are  grouped 
those  certifiable  causes  of  death  which  are  referable  to  the  gastro- 
intestinal tract  — viz.   diarrhoea   and  epidemic  diarrhoea,  enteritis 
(infective),  English  cholera,  gastric  catarrh,  enteritis    and  gastro- 
enteritis •    of  tubercular  diseases  :   phthisis,  pulmonary  tuberculosis, 
tuberculous  meningitis,  tuberculous  peritonitis,  tabes  mesenterica, 
general  tuberculosis,  and  other  bodily  tuberculous  diseases  ;  of  wasting 
diseases  :  immaturity,  premature  birth,  birth  debility,  injury  at  birth, 
congenital  defects  and  deformities,  atrophy  and  marasmus. 

If  the  mortality  per  1000  infants  under  one  year  in  England  and 
Wales  be  divided  into  percentages,  the  relative  incidence  of  deaths 
tafthese  causes  will  be  discovered.  .  Of  the  164  deaths  per  1000 
male  infants  which  occurred  in  1891,  infectious  diseases  contributed 
?5  per  cent.,  diarrhoeal  diseases,  O'lS  per  cent.,  tuberculous  diseases, 
6-1  per  cent,  meningitis  and  convulsions,  15-8  per  cent  lung  diseases, 
20  74  per  cent.,  wasting  diseases,  28-65  per  cent    and  other  causes 
14-06  per  cent. ;  of  the'l33  female  deaths  per  1000  in  the  same  year, 
these  groups  gave  the  following  percentages  ^-cspectively-viz.  7  5,  9  8 
6  0    15-04   20-3,  28-56  and  12  8  per  cent.    Of  the  169  deaths  per 
1000  male  infants  in  1900,  following  the  same  order  of  groups,  the  re- 
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spective  percentages  of  deaths  from  these  groups  were  respectively 
as  follow— viz.  5-9,  19-5,  474,  IS'O,  16-56,  29-5  and  10-8  per  cent.  ; 
and  of  the  139  deaths  per  1000  female  births  :  6-5,  2015,  4-0,  12-0, 
15"8,  28 'S,  and  12"75  per  cent,  respectively. 

It  wiU  be  observed  that  in  the  above-named  groups  nothing  has 
been  said  of  such  congenital  diseases  as,  for  example,  syphilis,  although 
it  is  by  no  means  unlcnown.  Probably  syphilis  is  included  under  some 
other  designation,  for  reasons  which  will  probably  suggest  themselves. 

The  following  table  details  still  further  the  causes  of  infantile 
mortality  : — 

Table  XI 
England  and  Wales  1907 


Causes  of  Infantile  Mortality — Males  and  Females 


Cause  of  Death 

Deaths  under  One  Year  of  Age 

per  1000  Births 

AJl  Causes 

117-62 

Premature  Birth  and  Congenital  Defects 

26-45 

Bronchitis  and  Pnemnonia 

23-26 

Atrophy  ...... 

15-01 

Diarrhoeal  Diseases  .... 

14-06 

Convulsions  ..... 

11-06 

Whooping- Cough  .... 

5-16 

Measles  ...... 

3-00 

Phthisis  ...... 

0-40 

Other  Forms  of  Tuberculosis 

4-14 

Diphtheria  ..... 

0-30 

Diseases  of  Heart  and  Blood  Vessels  . 

0-04 

All  other  Causes  .... 

14-74 

In  1908  the  infantile  mortality  rate  in  Glasgow  was  136  per  1000 
births,  the  death-rate  per  cent,  being  from  (a)  Immaturity,  31 '6  per 
cent.,  (6)  diseases  of  the  respiratory  system,  21 '0  per  cent.,  diseases 
of  the  digestive  system,  19*0  per  cent.,  of  the  nervous  system,  6-6  per 
cent.,  tuberculous  diseases,  41  per  cent.,  accidents  of  birth,  0-8  per 
cent.,  infectious  diseases,  12*9  per  cent.,  syphilis,  0*9  per  cent.,  suffocation, 
ro  per  cent.,  other  violence,  0'3  per  cent.,  and  all  other  causes  1"8  percent. 

Diarrhceal  diseases  in  infants  vary  much  in  incidence  according  to 
the  season  of  the  year.  They  may  be  said  to  increase  rapidly  in  number 
in  July,  to  reach  their  maximum  in  August  and  September,  and  to 
diminish  rapidly  thereafter  in  the  early  winter  months  ;  but  as  their 
incidence  very  largely  depends  upon  the  use  of  unclean  vessels  in  which 
milk  is  stored  and  of  unclean  bottles  from  which  infants  are  fed,  as  well 
as  inappropriate  kinds  and  amounts  of  food  given,  they  prevail  more 
or  less  throughout  the  year.  There  can  be  little  doubt  that  they 
are  microbic  in  causation.  Budin  pointed  out^  that  of  every  1000 
infants  who  die  in  Paris,  380  die  from  diarrhoBa;  in  Rouen,  510;  in 
^  Budin,  Journal  Obatitrique,  Jan.  1903. 
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Dijon,  584  ;  and  in  Troyes,  682  ;  and  that  of  69  infants  who  died  of 
diarrhosa  at  Boulogne,  only  8  were  suckled  by  the  mother,  20  being 
brought  up  on  the  bottle,  and  41  fed  on  different  forms  of  food. 

Causes  of  High  Prevalence. — These  may  be  divided  into  two  classes — 
viz.  {a)  unavoidable,  and  (6)  preventable. 

Under  the  former  may  be  included  (1)  premature  birth,  (2)  injury  at 
bii-th,  (3)  congenital  defects  and  deformities,  and  (4)  congenital  diseases. 
There  is  no  doubt  that  much  waste  of  infant  life  is  due  solely  to  marriage 
between  parents  of  unhealthy  stock.  The  procreative  faculty  is  not 
confined  to  women  of  robust  or  even  of  good  health,  but  is  existent 
to  no  small  degree  in  women  of  indifferent  or  even  weak  health.  Less 
care  is  being  exercised  in  the  present  day  in  the  marital  unions  of  human 
beings  than  in  the  mating  of  cattle  or  horses.  Irrespective,  therefore, 
of  good  sanitary  environments  and  circumstances,  weakly  infants  will 
continue  to  be  born  of  such  marriages. 

The  preventable  or  avoidable  causes  may  be  grouped  as  follows  : — 
(1)  insanitary  domestic  conditions,  (2)  vicious  and  objectionable  habits 
and  modes  of  life  of  parents,  (3)  parental  poverty,  (4)  occupation  of 
mothers  during  the  early  months  of  child-nursing,  (5)  wilful  or  com- 
pulsory abstinence  of  mothers  from  suckhng  their  infants,  and 
(6)  physical  unfitness  of  mothers  from  other  causes  for  that  duty. 

Infantile  Mortality  in  relation  to  Declining  Birth-Rates. — The  pre- 
valent and  continuous  high  rates  of  infantile  mortality  attain  a  higher 
significance  because  of  the  gradual  diminution  in  numbers  of  infants 
born  which  has  been  taking  place  during  the  last  thirty  years  ;  indeed, 
the  question  has  arrived  at  the  point  to  awaken  national  concern. 
If  the  high  prevailing  infantile  mortality,  which  persists  in  spite  of  ad- 
vancing sanitation,  and  the  gradually  declining  birth-rate  be  connoted, 
the  significance  of  the  relationship  and  the  need  for  inquiry  by  states- 
man and  sanitarian  alike  demand  attention. 

Preventive  Measures. — These  may  be  briefly  summed  up  as  follows 
— viz.  (a)  State  measures,  (6)  municipal  measures,  (c)  philanthropic 
efiort. 

The  Acts  of  Parliament  which  have  been  passed  for  the  protection 
of  infant  life,  such  as  the  Friendly  Societies  Act,  1875,  which  prevents 
the  over-insurance  of  infants,  the  Notification  of  Births  Act,  1907,  and 
the  Children  Act,  1908,  which  regulates  baby-farming  among  its  man}^ 
other  provisions,  are  all  in  the  right  direction.  It  is,  as  yet,  a  moot 
question  whether  the  Legislature  should  not  be  asked  to  pass  an  Act 
whereby  women  who  are  employed  industrially  should  be  forbidden 
to  resume  their  employment  until  the  expiration  of  a  full  month,  at 
least,  after  delivery.  By  so  limiting  the  time  when  work  might  legally 
be  resumed,  the  State  would  be  following  certain  provisions  of  the 
Factories  and  Workshops  Acts  which  limit  the  hours  of  labour  of  young 
persons  and  women. 

Municipal  measures  may  be  divided  into  two  classes — viz.  (1)  admin- 
istrative and  (2)  educational.  Experience  has  shown  that  much 
of  the  mortality  of  infants  is  attributable  to  negligence  and  ignorance 
on  the  part  of  young  mothers.  It  has  been  too  much  taken  for  granted 
that  all  women  who  bear  children  are  instinctively  able  to  care  properly 
for  them.    Certain  Local  Authorities,  through  the  agency  of  sanitary 
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and  registration  offices,  have  for  long  been  giving  pamphlets  or  leaflets 
explanatory  of  the  best  modes  of  caring  for  and  rearing  infants  to  those 
concerned  ;  and  such  a  practice  is  good,  so  far  as  it  goes.    But  some- 
thmg  more  is  needed.    Nothing  short  of  practical  demonstration  of 
approved  methods  of  rearing  children,  and  especially  of  the  artificial 
methods  of  feedmg  mfants,  where  required,  will  suffice.    Such  a  duty 
might,  with  great  advantage,  be  imposed  on  trained  women  appointed 
by  Local  Authorities  for  this  and  other  domiciliary  purposes.  This 
practice,  where  it  has  been  initiated,  has  been  followed  by  beneficial 
results     The  experiment  made  in  Salford  is  illustrative.    In  that 
town  the  average  infantile  mortality  per  annum  between  1895  and  1900 
was  211  per  1000  births,  and  in  1901  was  205  per  1000.    The  Local 
Authority  appointed  trained  women  to  a  district  of  the  town  called 
breengate.    In  this  district  the  mortality  in  1900  was  224  per  1000 
births,  in  1901,  246  per  1000,  but  in  1902,  after  the  conclusion  of"  a  year's 
experiment,  the  rate  fell  to  178  per  1000.    Making  all  due  allowance 
tor  other  conditions,  it  would  be  not  unfair  to  say  that  the  experiment 
was  probably,  no  ummportant  factor  in  the  result.    During  the  currency 
of  the  experiment  the  feeding  of  494  infants  was  observed  and  super- 
vised.   Ut  that  number  384  were  reared  exclusively  on  the  milk  of  the 
mother,  and  39  died,  giving  a  rate  of  104  per  1000 ;  65  were  fed  on 
food  supplementary  to  the  milk  of  the  mother,  of  whom  10  died— a  rate  of 
104  per  1000  ;  30  were  reared  artificially  on  the  milk  of  the  cow,  of  whom 
died,  the  mortality  being  at  the  rate  of  400  per  1000  ;  and  25  were  • 
im"^  °  '^^"""^  ^  of  440  per 

Of  the  administrative  preventive  measures,  perhaps  the  most  im- 
portant which  has  been  instituted  is  the  municipal  depot  for  the  purpose 
ot  sterilismg  and  humanising  the  milk  of  cows  for  infant  feeding  and 
ot  supplpng  the  same  at  reasonable  cost.  Begun  in  Fecamp  in  Nor- 
mandy, the  plan  has  been  adopted  by  several  municipalities  in  the 
United  Kmgdom.  The  milk  so  prepared  is  put  in  bottles  containing 
the  kmd  and  amount  suitable  for  infants  of  different  ages,  each  bottle 
contaimng  one  meal.  Another  proposal  is  the  establishment  of  public 
creches  wherein  infants  may  be  tended  at  a  minimum  cost  what  time 
the  mothers  are  compulsorily  employed.  Philanthropic  efforts  are 
being  directed  toward  district  friendly  supervision  of  the  homes  of 

Wfidll"  '  ^°  ^^"^  ^""^^  S'"'"''  P''°'"'^ 

•  of  the  significant  features  of  preventive  medicine  in  these  days 

IS  that,  while  before  the  march  of  sanitary  progress  general  mortality 
rates  are  exhibiting  a  gradual  decline,  the  number  of  deaths  of  infants 
unaer  one  year  of  age  per  1000  births  continues  to  remain  undulv 
table  •—"^^'^^  centres.    This  is  shown  in  the  following 
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Table  XII 

Shoivincj  Rates  of  Infantile  Mortality  in  Some  Cities  in 
England  and  Scotland 


Cities 


Manchester 

Birmingham 

Leeds  . 

Sheffield 

Liverpool 

Aberdeen 

Dundee 

Edinburgh 

Glasgow 


Death-Rate  per  1000  Birtlis 


1888-1897 


185 
180 
178 
180 
189 
141 
176 
140 
146 


1898 


197 
191 
182 
195 
184 
158 
182 
144 
156 


1899 


206 
191 
171 
194 
198 
143 
170 
151 
152 


In  the  principal  English  towns  for  1901  the  rates  varied  from  126  per 
1000  up  to  226  per  1000,  the  latter  rate  being  in  Burnley,  the  next 
highest  being  Preston  with  a  rate  of  216  per  1000. 

It  would  be  for  the  present  Utopian  to  expect  in  our  populous  centres 
rates  corresponding  to  those  in  the  purely  agricultural  counties  but 
that  the  rates  obtaining  in  the  former  are  capable  of  being  reduced 
considerably  admits  of  little  doubt.  An  ideal  rate  to  be  aimed  at 
would  be  110  to  120  per  1000  births.^  ■        ■  n 

Age-Group  Mortality.— Fox  any  age-group,  the  death-rate  is  obtained 
by  dividing  the  number  of  deaths  in  the  group  by  the  number  of  persons 
living  at  the  same  ages,  and  multiplying  the  quotient  by  1000.  In  this 
way  the  total  deaths  in  a  population  may  be  divided  into  the  twelve 
age-groups  given,  and  the  death-rates  therefor  accordingly  calculated. 

The  proportion  of  persona  living  at  different  age-groups  will  be  seen  in  the 
following  table  : — 

Table  XIII 

Table  of  Age-Groups  per  1000  of  Population  of  England  and  Wales  in  1895 


Ages 
Under  5 
5—15 
15—25 
25—35 
35—45 
45—55 
55—65 
65—75 
75—85 
85  and  upward 


Persons 

120 
228 
196 
147 
113 
87 
59 
35 
13 
2 


1000 


1  Aiithor,  Trans.  Med.  Chir.  Soc.  Glas.,  1903-1904. 
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The  percentage  proportion  of  deaths  at  each  age-group  is  as  follows  : — 


Ages 
Under  5 
5—10 
10—15 
15—20 
20—25 
25—35 
35—45 
45—55 
55—65 
65—75 
75—85  . 
85  and  upward 


Deaths  per  cent. 
37-4 
2-9 

1-  6 

2-  3 
2-7 
5-8 

7-  0 

8-  1 

9-  8 
11-8 

8-5 
2-1 


100-0 


The  Local  Government  Board  of  Scotland  require  medical  officers 
of  health  to  make  a  return  of  the  mortality  at  the  subjoined  ages- 


-viz. 


All  Ages 
Under     1  Year 
1—  5 
5—15 
15—25 
25—60 

60  and  upward. 


methods  of  estimating  the  rate  of 


There  are  two  fallacious 
mortality  at  different  ages  : 

(1)  To  calculate  the  proportion  of  deaths  in  any  age-group  to  the 

total  deaths  ; 

(2)  To  calculate  the  proportion  of  deaths  at  various  age-groups  to 

the  population  at  all  ages. 

They  are  fallacious  in  respect  that  they  compare  incomparable  things. 
The  fallacy  underlying  the  former  consists  in  the  fact  that  either  a 
diminution  in  the  total  deaths  or  an  increase  in  the  deaths  in  any  age- 
group  would  increase  the  proportional  deaths  at  the  age-group  under 
consideration,  and  in  the  latter  method  that,  quite  apart  from  any 
conditions  inimical  to  health,  the  number  of  deaths  at  difierent  age- 
groups,  and  therefore  the  proportion  of  these  to  the  entire  population, 
will  vary  with  the  number  living  at  the  age-groups  in  question.  For 
small  populations  it  is  not  advisable  to  have  too  limited  divisions  of 
age-groups  owing  to  the  error  which  would  arise  from  paucity  of  data. 

Death-Rates  of  the  Sexes.— kt  birth,  the  number  of  males  is  greater 
than  that  of  females,  but  at  all  other  ages,  except  between  5  and  14, 
females  preponderate  in  numbers,  and  taking  the  mean  of  all  ages 
there  are  1060  females  in  the  population  of  Great  Britain  to  every 
1000  males.  At  all  ages  the  expectation  of  life  of  a  female' is  greater 
than  that  of  a  male  ;  consequently  in  any  population  in  which  the  pro- 
portion of  females  to  males  is  higher  than  the  normal,  the  death-rate 
18  correspondingly  lowered.  If  we  differentiate,  therefore,  between 
the  death-rate  of  the  sexes,  it  will  bo  found  that  except  between  the 
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ages  of  10  cand  25  the  female  death-rate  will  be  lower  than  the  male. 
In  England  and  Wales  in  the  decade  1881-1890,  the  former  was  18-1, 
and  the  latter  20*2  per  1000  per  annum. 

Table  XIV 

Annual  Rale  of  Morlality  in  England  and  Wales  in  1891-1900  for 
Each  Sex  in  Age-Groups  and  for  Both -Sexes 


Increase 

Increase 

Increase 

or 

or 

or 

1891-1900 

Ages 

Males 

Decrease 
'rom  1881- 

Females 

Decrease 
from  1881- 

Both 
Sexes 

from  1881- 

1891  per 

1891  per 

1891  per 

cent. 

cent. 

cent. 

All  Ages 

19-32 

-2-4 

17-14 

-  3-4 

18-19 

-2-9 

0- 

62-71 

+  1-8 

52-80 

+  1-7 

57-74 

+  1-7 

5- 

4-31 

-19-4 

4-37 

-16-9 

4-34 

-18-1 

10- 

2-45 

-16-9 

2-57 

-17-4 

2-51 

-17-2 

15- 

3-79 

-12-3 

3-67 

-170 

3-73 

-14-6 

2b- 

5-06 

-11-7 

4-46 

-19-5 

4-74 

-15-8 

25- 

8-76 

-130 

6-08 

-17-6 

6-40 

-15-3 

35- 

11-50 

-  7-3 

9-59 

-  9-4 

10-51 

-  8-3 

45- 

18-95 

-  2-2 

14-74 

-  2-4 

16-76 

—  2-2 

55- 

34-95 

+  0-7 

28-44 

-  0-1 

31-47 

+  0-3 

65- 

70-39 

-  0-1 

60-72 

+  0-5 

65-04 

+  0-1 

75  uf 

)  160-09 

-  1-6 

146-46 

-  1-1 

152-17 

-  1-4 

Table  XV— GLAsaow,  1881-1890 
■Average  Annual  Mortality  per  1000  living  at  Different  Age-Groups 


Ages 


0—5 

5—10 
10—15 
15—20 
20—25 
25—35 
35—45 
45—55 
55—65 
65—75 
75—85 
85—95 
95  and  upwards 


All  ages 


Males 

Females 

86-24 

75-52 

10-65 

10-14 

5-52 

5-33 

7-24 

7-13 

7-93 

S-94 

9-34 

10-99 

15-28 

14-25 

20-50 

21-54 

45-81 

38-42 

84-31 

70-21 

149-47 

123-75 

262-17 

221-08 

260-87 

30000 

25-01 

23-60 

Zymotic  Diseases  Rates.-ln  like  manner  d«ath-rates  may  be  cak.i 
lated  for  Diseases  or  Groups  of  Diseases.    As  an  indication  of  the  san, 
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tary  condition  of  a  district,  a  special  return  is  made  called  the  Zymotic 
Beath-Rate.  This,  however,  only  includes  the  deaths  from  the  seven 
principal  zymotic  diseases — -viz.  small-pox,  measles,  scarlet  fever, 
fever  (which  includes  typhus,  simple,  continued,  and  enteric),  diphtheria, 
whooping-cough,  and  diarrhoea,  and  omits  returns  of  deaths  from 
erysipelas,  puerperal  fever,  and  others ;  thus  the  zymotic  death-rate 
does  not  conform  to  the  diseases  scheduled  in  the  Infectious  Disease 
(Notification)  Act.  It  ought,  therefore,  to  be  clearly  understood  that 
the  zymotic  death-rate,  as  presently  computed,  is  not  a  correct  return 
of  the  death-rate  from  all  zymotic  diseases;  but,  at  the  same  time, 
it  is  a  valuable  index  of  the  health-conditions  of  a  district.  It  may  be 
computed  and  returned  in  more  than  one  way — viz.  (1)  as  a  proportion 
of  deaths  to  numbers  attacked;  (2)  as  a  proportion  of  deaths  to  the  total 
deaths  ;  (3)  as  a  proportion  of  deaths  from  each  zymotic  disease  per  thousand 
or  million  of  population. 

The  value  of  the  first  method  will  entirely  depend  on  the  number 
of  units  from  which  the  calculation  is  made  ;  the  larger  the  number 
the  nearer  the  result  to  the  truth,  the  smaller,  the  reverse.  The  second 
method  shows  the  propoi-tion  of  deaths  from  these  diseases  to  the  total 
deaths  in  a  population,  but  it  is  fallacious  when  used  for  comparison. 
The  third  method  is,  probably,  the  best  method  of  stating  the  death- 
rate  from  any  specified  zymotic  disease,  but  it  is  only  applicable  to 
huge  masses  of  population,  such  as  a  country  or  a  nation,  with  a  view 
to  approximation  to  the  truth. 

The  first  method,  although  sometimes  used  for  the  purpose  of  draw- 
ing inferences,  or  making  deductions  regarding  the  effects  of  a  particular 

line  of  treatment,  is  liable  to  the  following  possible  errors  viz. 

(a)  paucity  of  number  of  observations,  and  hence  erroneous  deductions 
made  therefrom;  any  theory  or  conclusion  based  upon  percentages 
derived  from  a  relatively  small  number  of  cases  should  always  be  ac- 
cepted with  caution,  owing  to  the  margin  of  probable  error ;  (6)  the 
composition  of  the  groups— viz.  (1)  the  deaths,  and  (2)  the  recoveries  : 
these  when  compared  may  have  different  age-  and  sex-constitution ; 
it  has  to  be  remembered  that  death-rates,  especially  from  certain  diseases 
of  the  zymotic  group,  are  not  a  little  influenced  by  age  at  least,  and  to 
a  more  limited  degree,  perhaps,  by  sex  ;  (c)  type  or  virulency  of  the 
disease.  It  is  well  established  that  in  different  epidemics  the  virulency 
of  the  disease  differs,  and  hence  the  case-mortality  and  the  recovery- 
rate  respectively  are  bound  to  bear  different  percentage-ratios  to  one 
another,  and,  further,  that  during  the  currency  of  an  epidemic  the 
virulency  is  usually  greater  at  the  commencement  of  the  outbreak 
than  later. 

The  second  method  is  fallacious  because  it  institutes  a  ratio  or 
proportion  between  two  factors  in  the  problem  both  of  which  are 
variable— viz.  the  mortality  from  the  particular  zymotic  disease  or 
group  of  diseases,  and  the  mortality  from  all  causes.  It  may  very 
well  happen  in  any  series  of  years  either  that  the  total  deaths  are 
relatively  lower  than  usual  and  the  zymotic  deaths  relatively  higher 
or  the  reverse. 

The  third  method  is  undoubtedly  the  best.  It  is  more  applicable, 
and  more  accurate,  to  large  popuhitions,  such  as  of  a  country  or  nation. 
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A  still  more  satisfactory  and  correct  method  is  not  to  return  a 
death-rate  for  a  group  of  zymotic  diseases  which  is,  at  best,  apt  to 
lead  to  confusion,  but  to  return  an  individual  rate  for  specified  in- 
dividual diseases  comprehended  in  the  zymotic  group.  The  principal 
zymotic  diseases  for  which  returns  are  given  by  the  Registrars-General, 
and  which  are  asked  of  medical  oflficers  of  health,  are  (1)  small-pox, 
(2)  diphtheria,  (3)  scarlet  fever,  (4)  typhus  fever,  (5)  enteric  and  doubtful 
fevers,  (6)  measles,  (7)  whooping-cough,  (8)  diarrhoea,  (9)  pneumonia, 
and  (10)  septic  diseases. 

The  following  table  shows  the  annual  mortality  in  England  and 
Wales  for  both  sexes  in  the  decennia  1881-1890  and  1891-1900  for 
different  diseases  of  the  zymotic  group. 


Table  XVI 

Annual  Deaths  per  Million  Persons  living  of  Both  Sexes 


Causes  of  Death 


Small-pox  . 
Measles 
Scarlet  Fever 
Influenza  . 
Whooping-Cough 
Diphtheria 

Croup  (not  membranous) 
Enteric  Fever  . 
Diarrhoeal  Diseases 
Puerperal  Fever  and  Child- 
birth 
Pneumonia 

Tuberculosis  (all  forms) 
Phthisis 

Tuberculous  Meningitis 
Tuberculous  Peritonitis 

(Tabes  Mesenterica) 
Tuberculous  Diseases  (other 

forms) 


1881-1890 


44 
406 
312 

20 
414 
153 
133 
198 
631 

161 
1,041 
2,429 
1,775 

234 

257 
163 


1891-1900 


13 
414 
158 
361 
377 
263 

51 
174 
738 

152 
1,227 
2,010 
1,391 

216 

217 
186 


Difference  in  1891-1900 


Annual 
Increase 


8 

341 
110 

107 

186 


23 


Annual 
Decrease 


31 

154 

37 

82 
24 


419 
384 
18 

40 


Basing  the  zymotic  death-rate  on  the  zymotic  diseases  of  the  English 
Registrar-General -viz.  small-pox,  measles,  scarlatma,  diphtheria, 
fevers,  whooping-cough,  and  diarrhoea,  it  will  be  seen  from  the  following 
table  that  the  rate  is  becoming  lowered. 
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Table  XVII 

Zymotic  Mortality  in  England  aud  Wales,  and  in  English  Large 
To'ims,  per  lOUO  of  Population,  from  1889  till  1907  inclusive 


Year 

England 

English 

and  Wales 

Large  Towns 

1  o  on 

1889 

2-40 

1890 

2-0o 

2-77 

1891 

1-83 

Z'41 

1892 

1-90 

z-6o 

189.1 

2-47 

d-17 

io94 

l-7o 

5i-14 

189(5 

ii-18 

Z-Vu 

1897 

2-15 

2-87 

1898 

2-22 

2-85 

1899 

2-21 

2-81 

1900 

2-00 

2-50 

1901 

2-05 

2-68 

1902 

1-64 

212 

1903 

1-46 

1-89 

1904 

1-94 

2-49 

1905 

1-52 

1-88 

1906 

1-73 

2-24 

1907 

1-26 

1-54 

The  succeeding  table  shows  the  rates  per  million  persons  living 
from  each  of  the  zymotic  diseases  in  the  foregoing  list,  and  gives  a  con- 
secutive history  regarding  these  since  1838. 

Table  XVIII 


England  and  Wales 

Death-Rates  from  the  Principal  Epidemic  Diseases  per  Million  Persons 

Living,  1855-1904 


Period 

Small- 
pox 

Measles 

Scarlet  Fever 
Diphtheria 

Whoop- 

ing- 
Cough 

Fevers 

Diarrhwal 
Diseases 

1838-1842 
1847-1850 
1851-1860 

576 
292 
222 

539 
403 
412 

884 
982 

504 
480 
505 

1053 
1246 
913 

298 
1710 
1088 

1861-1870 

1871-1880 
1881-1890 
1891-1900 

1901 

1902 

1903 

1904 

162 

245 
46 
13 
10 
75 
23 
15 

443 

379 
441 
414 
276 
392 
274 
303 

971  187 

719  121 
338  163 
158  263 
133  273 
148  236 
125  182 
111  170 

530 

513 
451 
378 
313 
297 
285 
352 

886 

Ty.   Enteric  Unde- 
phus  lined 

58      326  105 
15      198  25 
3      174  6 

1  155  3 

2  126  3 
2      100  2 
1       93  2 

1076 

942 
677 
734 
924 
426 
551 
876 
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TAnhK  XIX 

Showing  Zymotic  Diseases  Rates  in  Certain  English  and  Scottish  Cities, 

per  100,000  Living 


City 

1891-1000 

1901 

Glasgow 

308 

328 

Edinburgh 

209 

241 

Dundee 

226 

289 

Aberdeen 

205 

127 

London 

271 

225 

Liverpool 

332 

366 

Manchester 

338 

343 

Birmingham 

289 

316 

Table  XX 


Showing  Mortality  per  Million  Persons  Living  in  England  and 
Wales  and  Scotland  from  1871  till  1900 


Zymotic  Diseaise 

1861-1870 

1871-1880 

1881-1890 

1891-1900 

Eng.  and  Wales 
Scotland 

Enteric  Fever 

322 
390 

198 
230 

174 
180 

Eng.  and  Wales 
Scotland 

Measles 
)> 

391 
Much  the 

378 
same  figu 

406 
res  and  p 

414 
regress 

Eng.  and  Wales 
Scotland 

Scarlet  Fever 

890 
910 

649 
780 

312 
290 

156 
190 

Eng.  and  Wales 
Scotland 

Diphtheria 
>>Has  undergo 

171 

ne  steady  an 

112 

d  continuous 

153 

diminution 

263 
since  1864 

Eng.  and  Wales 
Scotland 

Croup 

219 
(see 

149 
remarks  f 

133 
or  diphtli 

51 

eria) 

Eng.  and  Wales 
Scotland 

Tuberculosis 
(all  forms) 
)> 

3239 
3620 

2862 
3470 

2429 
2760 

2010 
2370 

Eng.  and  Wales 
Scotland 

Phthisis 

2545 
2560 

2190 
2390 

1775 
2000 

1391 
1690 

The  fatality-rate  or  case-mortality  is  a  rate  per  cent.,  and  is  used 
to  express  the  numbers  of  those  who  die  from  a  given  disease  per  100 
of  those  attacked. 

The  morbidity-rate  is  a  term  used  to  express  the  proportion  of 
those  who  sicken  from  a  given  disease  or  group  of  diseases  like  the 
zymotic  group,  per  1000  of  the  population  per  annum. 

The  fatality-rate  in  enteric  fever  in  the  Metropolitan  Fever  Hospitals 
has  gradually  fallen  from  18'6  per  cent,  in  1897  to  13i5  per  cent. 
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in  1905,  and  in  the  Glasgow  hospitals  from  15'3  per  cent,  in  1895  to 
11 '9  per  cent,  in  1905  ;  in  scarlet  fever,  both  in  the  London  and 
Glasgow  fever  hospitals,  there  has  also  been  a  steady  fall,  in  the  latter 
the  rate  being  20  per  cent,  in  1866-1870  had  fallen  to  6-3  per  cent, 
in  1891-1894. 

The  mortality-rate  in  diphtheria  per  million  persons  living  has  in  Scot- 
land, as  in  England,  exhibited  a  rise  in  the  rate.  In  Table  XX,  which 
deals  with  the  rates  from  individual  zymotic  diseases,  it  will  be  observed 
that  in  England  and  Wales  with  respect  to  the  mortalities  from  diph- 
theria and  croup  respectively,  in  the  later  decades  as  the  mortalities 
from  the  former  increase  the  mortalities  from  the  latter  decline.  This 
is  probably  the  reason  why  diphtheria  is  believed  to  be  on  the  increase, 
since  cases  which  were  formerly  ascribed  to  croup,  because  of  the 
prominence  of  the  laryngeal  symptoms,  are  now,  because  of  bacterio- 
logical diagnosis,  more  truly  diagnosed  as  diphtheria.  Since  1864 
the  statistics  of  diphtheria  and  croup  show  a  fairly  steady  and  con- 
tinuous diminution.  From  1884  up  to  1906  considerable  improvement 
has  occurred  in  England  and  Wales  and  in  Scotland  in  the  mortality 
rates,  in  the  former  having  fallen  from  about  460  per  million  living 
in  1884  to  about  160  per  million  in  1906,  and  in  the  latter  from 
about  355  per  million  in  1884  to  about  170  per  million  in  1906.  This 
must  be  in  the  main  attributed  to  the  antitoxin  treatment  of  the 
disease. 

With  regard  to  small-pox  it  is  satisfactory  to  note  that  all  over 
the  United  Kingdom  there  has  been  a  steady  and  marked  diminution  in 
the  number  of  cases  and  in  the  death-rate  of  small-pox.  There  cannot 
be  the  shadow  of  a  doubt  in  the  minds  of  unbiassed  persons  who  study 
the  facts  that  this  is  due  almost  entirely  to  the  prevalence  of  vaccination, 
but  there  can  be  hardly  as  little  doubt  that  within  the  next  fifteen  or 
twenty  years  there  will  be  a  steady  increase  of  the  disease  owing  to  the 
gradually  increasing  constituency  of  unvaccinated  persons. 

The  zymotic  death-rate,  or,  better,  the  rates  of  individual  zymotic 
diseases,  is  a  good  test  in  some  respects,  and  up  to  a  certain  point,  of  the 
sanitary  condition  of  a  place.  It  has  to  be  borne  in  mind  that  zymotic 
diseases,  and,  particularly,  certain  of  them,  occur  in  cycles,  depending 
in  large  measure  upon  the  growth  of  a  young  and,  therefore,  susceptible 
and  vulnerable  population.  This  is,  perhaps,  truest  of  measles,  chicken- 
pox,  whooping-cough,  and  scarlet  fever.  Others,  again,  depend  very 
largely  upon  the  accident  of  circumstances,  such  as  the  outbreak  of 
cholera  in  Hamburg  in  1892-1893,  and  outbursts  of  enteric  fever  from 
contaminated  water-supplies  ;  and  these,  added  to  diphtheria,  may  have 
their  origin  in  insanitary  conditions ;  while  enteric  fever,  scarlet  fever,  and 
diphtheria  may  be  due  to  contaminated  milk-supplies.  Typhus  fever 
if!  not  uncommonly  an  indication  of  overcrowding,  coupled,  perhaps. 
With  some  privation.  In  any  of  the  zymotic  diseases,  moreover,  it 
must  not  be  forgotten  that  the  mortality  experienced  in  a  given  epidemic 
may  be  much  higher  than  the  normal  owing  to  a  more  virulent  type  of 
the  organism  which  produces  the  disease,  and,  in  the  case  of  measles 
and  whooping-cough  especially,  to  the  climatic  conditions  during  the 
currency  of  the  outbreak. 

In  the  same  way  a  Death-Rate  for  Respiratory  Diseases  and  a 
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Death-Rate  for  Phthisis  may  be  computed  in  urbaa  communities  {'tnde 
Table  XXI). 

Table  XXI 


Table  showing  Death-Rates  per  1000  of  Population  from  different  Zymotic 
Diseases,  Phthisis,  and  Respiratory  Diseases  in  England  and  Wales 
in  different  Years 


Til  Qnn  QA 

1S51.1800 

1871-1880 

1881-1890 

1891-1895 

G         nil          i~\  ^7' 

OIUJlll-pOX             .  . 

•045 

•020 

Measles  . 

•412 

•378 

•44 

•40 

Scarlet  Fever  . 

■876 

•716 

•33 

•18 

Diphtheria 

•109 

•121 

•16 

•25 

Whooping-Cough 

•503 

•512 

•45 

•39 

I  Typhus  Fever  "1 
Fever  -'|  Enteric  Fever  r 
I  Continued  Fever  ' 

•06 

•015 

•004 

•908 

•32 

•20 

•17 

•10 

•025 

•008 

Diarrhoeal  Diseases  . 

b080 

•935 

•67 

•65 

Zymotic  Death-Rate 

4^109 

3^47 

2^36 

2^07 

Phthisis  . 

2-68 

2^12 

1^72 

1^46 

Respiratory  Diseases 

3-02 

3-90 

373 

3^74 

In  the  quinquennium  1891-1895  it  may  therefore  be  said  that  the 
death-rate  per  1000  of  population  from  the  principal  zymotic  diseases 
was  as  follows : — small-pox,  '020  per  1000,  or  20  per  million ; 
measles,  "40,  or  400  per  million;  scarlet  fever,  '18,  or  180 
per  million ;  diphtheria,  '25,  or  250  per  million ;  of  typhus  fever, 
•004,  or  4  per  million ;  enteric  fever,  '17,  or  170  per  million ;  con- 
tinued fever,  "008,  or  8  per  million ;  diarrhoeal  diseases,  '65,  or  650 
per  million. 

Table  XXII— Scotland,  1890-1892 


Table  showing  Age- Distribution  of  Deaths  from  Whooping-Cough, 
Measles,  Scarlet  Fever,  Enteric  Fever  and  Diphtheria 


Disease 

Under  1 

—2 

—3 

—4 

—5 

—10 

—15 

15— 

All  Ages 

Whooping-cough 

403 

310 

124 

65 

41 

55 

1 

1 

1000 

Measles 

214 

386 

167 

80 

48 

87 

5 

15 

1000 

Scarlet  Fever 

75 

136 

148 

136 

108 

254 

74 

69 

1000 

Enteric  Fever 

4 

13 

17 

20 

18 

122 

135 

671 

1000 

Diphtheria  . 

76 

175 

144 

137 

119 

249 

48 

52 

1  1000 

Graphic  or  diagrammatic  methods  for  presenting  statistical  facts 
are  now  largely  employed.  They  possess  the  advantage  over  columns 
of  figures,  which  always  require  careful  study,  that  they  enable  the 
observer  to  comprehend  more  quickly  the  facts  so  portrayed.  The 
following  figures  represent  two  of  these  forms  (Figs.  1,  2). 
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Urban  and  Rural  Deaih-Rates. — Urban  death-rates  are  usually 
higher  than  rural  death-rates,  even  after  the  usual  corrections  have 


Scarlet  Fever  Notifications  1899, 

SAeiring  Wet:*/y  ftomber  in  fie/arion  to  Weeitly  Mean  of  rears  /3S}'S9 
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Fto.  1  illustrates  one  of  the  graphic  methods  of  presenting  statistical  facts.  The 
above  figure  is  intended  to  show  the  percentage  in  the  Weekly  Eeturns  of  Scarlet 
Fever  Notifications  in  Glasgow  for  1S99  above  or  below  the  Weekly  Mean  for  the 
years  1893-1899.  A  glance  at  the  figure  at  once  shows  whether  in  any  given  week 
the  percentage  of  notifications  was  above  or  below  the  mean  of  the  same  week 
during  the  years  above  given.  The  mean  for  each  week  of  the  period  1893-1899  is 
taken  as  a  standard  figure,  with  which  the  notification  returns  of  each  week  in 
1S99  are  compared  and  contrasted.  (Report  Med.  Off".  Health  of  Glasgow  for  1899 
and  1900.) 
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Firi.  2  illiisirulcs  us  DcaLli-liiiins  \h:v  .Million  ol'  I'opulation  the  prevalence 
of  Tuberculosis  in  the  Capitals  of  several  Countries  of  the  World.  (City 
of  Edinburgh  Report  on  Tuberculosis,  1900.) 


been  made.  This  is  due  to  a  variety  of  factors — viz.  density  of  popula- 
tion, artificial  conditions  of  life,  occupation,  etc. 
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In  rural  districts  and  small  villages,  any  figure  between  10  and  16 
per  1000  may  be  reckoned  as  fair  average  death-rates ;  in  towns  with 
populations  varying  between  5000  and  20,(XJ0,  15  to  18  per  KKX) ;  in 
cities  of  30,000  to  100,000,  17  to  20  per  1000 ;  and  in  large  cities  of 
over  100,000  of  population,  18  to  21  per  1000.  The  death-rates  for 
England  and  Wales,  and  for  Scotland,  have  undergone  progressive 
diminution  during  the  last  fifty  years  ;  for  example,  while  the  rate  for 
England  and  Wales  was  23-3  in  1846-1850,  22-4  in  1866-1870,  20-8  in 
1876-1880,  18-9  in  1886-1890,  it  further  fell  to  187  in  1891-1895.  In 
the  large  English  towns,  it  has  fallen  from  24-7  in  1851-1860  to  20-2  in 
1881-1890.  In  Scotland  a  like  progressive  diminution  has  been  recorded 
in  the  principal  towns,  and  in  the  country  generally.  Of  the  latter,  in 
1900  the  rate  was  19-070  per  1000. 

LIFE  TABLES 

A  life  table,  or  biometer  as  it  was  named  by  Farr,  is  a  means  of 
measuring  or  estimating  under  certain  defined  conditions  the  probabilities 
of  life  and  death  either  of  the  population  generally,  or  of  ages  or  groups 
particularly,  and  indicates  the  progressive  history  of  life  and  death  of 
a  generation  of  individuals  from  the  time  all  begin  to  live  until  all  have 
ceased  to  live.  Such  tables  are  founded  upon  the  number  and  ages 
of  those  who  live,  and  the  number  and  ages  of  those  who  die.  Founded 
upon  these  tables  are  the  operations  of  assurance  companies  with 
reference  to  insurance  at  death,  and  to  annuities  during  life,  all  based 
upon  the  probabilities  of  living  and  dying  which  the  results  of  the 
calculations  in  the  tables  show. 

The  earliest  life-table  dates  back  to  the  second  half  of  the  seventeenth 
century,  having  been  constructed  by  Halley,  the  English  astronomer, 
on  the  deaths  in  Breslau  in  the  years  1687-1691.  He  did  not,  however, 
in  his  table  differentiate  between  males  and  females.  Based  on  this 
table  and  its  results  was  de  Moivre's  hypothesis.  This  h}T)othesis  was 
that  out  of  every  86  persons  born,  one  would  die  each  year  till  all  were 
dead,  and  that  although  this  might  not  be  exactly  true  for  every  in- 
dividual year  of  age  it  would  be  true  of  the  series  as  a  whole.  Tables 
which  have  been  constructed  on  this  hypothesis  are  inclined  to  overstate 
the  mortality  at  the  earlier  ages  of  manhood,  and  in  consequence  pre- 
miums of  insurance  founded  on  this  hypothesis  arc  somewhat  higher 
for  young  adult  ages  than  they  ought  to  be,  thus  causing  the  younger 
to  pay  for  the  older  adults.  The  first  table  which  was  used  to  determine 
the  amounts  of  insurance  premiums,  called  Price's  Northampton 
Table,  was  issued  in  1762.  It  was  not  founded  on  a  comparison  of  the 
number  of  deaths  and  the  number  of  living  at  each  age,  but  upon  the 
deaths  only.  Dr  Price  believed  that  the  population  of  Northampton 
at  the  time  he  constructed  his  table  was  stationary.  He  arrived  at 
that  belief  because  of  the  number  of  recorded  infantile  baptisms,  but 
he  omitted  to  note,  if  he  was  aware  of  the  fact,  that  there  wa_s  in  tliat 
town  a  number  of  Baptists  who  repudiated  the  doctrine  of  infant  bap- 
tism This  omission  produced  a  grave  error  in  the  results  of  the  table, 
for  whereas  he  calculated  the  mean  duration  of  life  of  the  units  of  popu- 
lation to  be  24  years,  it  worked  out,  when  the  omission  was  rectified 
later  at  30  years.    On  the  original  table.  Government  Annuity  schemes 
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were  founded,  in  consequence  of  which  the  very  same  error  which  gave 
Insiu'ance  Companies  premiums  one-third  higher  than  they  ought  to 
have  been,  caused  the  Government  to  give  annuities  one-third  higher 
in  value  than  the  money  payments  charged  warranted  them  to  give. 
It  was  only  after  the  Government  had  lost  two  millions  sterling  that 
the  mistake  was  discovered  and  the  error  was  rectified.  The  Carlisle 
Table  by  Mr  Milne  followed.  It  was  based  upon  the  observations  of 
Dr.  Heysham  of  the  mortality  of  Carlisle  in  the  years  1779-1789  and 
of  two  enumerations  of  its  population  in  1779  and  1787.  Its  conclusions 
were  at  first  too  favourable  for  the  whole  country,  but  they  became 
gradually  more  correct  later  owing  to  increase  in  the  mortality.  From 
this  table,  De  Morgan  showed  that  of  every  100  persons  aged  fifteen, 
one  died  each  year  till  the  age  of  65  was  attained.  This  proved  to  be 
more  correct  than  the  hypothesis  of  de  Moivre.  The  table  also  showed 
that  in  the  case  of  persons  of  the  age  of  10,  the  mean  after-lifetime  was 
49  years,  with  a  diminution  of  7  years  from  that  figure  for  every  succeed- 
ing ten  years  above  the  age  of  10  ;  thus  at  the  age  of  20,  the  mean  after- 
lifetime  became  49-7  =  42  years ;  at  the  age  of  30,  42-7  =  35  ;  and  so  on. 

Farr's  Enghsh  Life  Table  No.  I.  came  next  in  order. ^  This  was 
constructed  on  the  census  returns  of  England  and  Wales  for  1841, 
and  the  deaths  of  the  same  year.  He  also  issued  his  English  Table 
No.  11.,^  thinking  that  the  results  of  Table  No.  I.  would  be  open  to 
just  criticism.  Table  No.  II.  was  based  on  the  census  returns  of  1831 
and  1841  and  the  deaths  of  seven  years — viz.  1838  to  1844  inclusive. 
It  embraced  the  recorded  ages  of  29,810,945  persons  and  the  registered 
deaths  of  2,436,648  persons.  Farr's  Enghsh  Life-Table  No.  III.  Was 
based  on  the  census  returns  of  1841  and  1851  and  on  the  deaths  in  the 
seventeen  years,  1838-1854,  numbering  6,470,720  persons.  This  was 
published  as  a  volume  in  1846.  These  three  tables  show  a  remarkable 
approximity  of  results,  and  they  indicate  that  the  mortality  during  these 
seventeen  years  was  fairly  steady,  a  condition  which  has  persisted  up 
till  1871.  Farr's  Healthy  Districts  Life  Table,  intended  to  show  the 
results  of  life  and  death  in  persons  most  favourably  circumstanced, 
was  based  on  the  mortality  during  the  quinquennium  1849-1853  in  63 
selected  English  Districts,  which,  during  the  decennium  1841-1850, 
showed  a  mean  annual  death-rate  not  exceeding  17  per  1000.  The  table, 
as  Farr  puts  it,  expresses  "  very  accurately  the  actual  duration  of  life 
among  the  clergy  and  other  classes  of  the  community  living  under 
favourable  circumstances."  ^ 

Ogle's  English  Life  Table  deals  with  the  results  of  the  decennium 
1871-1880.4 

Tatham's  English  Life- Table  (Manchester)  is  founded  on  the  figures 
for  1881-1890,  and  his  New  Healthy  Districts  Life-Table,  based  on  the 
mortality  in  263  healthy  Districts,  gives  an  indication  of  the  progress  of 
sanitary  influences  in  the  later  years  of  last  century  in  favourable  areas. ^ 

1  Rog.-General's  Fifth  Annual  Report. 
"  Reg.-General's  Twelfth  and  Twentieth  Annual  Reports. 
'  Rog.-General's  Thirty-third  Annual  Report,  p.  441,  et  seq.,  Philosophidal 
TranHuctiona,  1859. 

Reg.-Gonoral's  Forty-fifth  Annual  Report. 
^  Supp.  Rog.-Genoral's  Fifty-fifth  Annual  Report. 
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Two  new  Life  Tables  by  tlie  present  Registrar-General  i  bring  the  facts 
up  to  the  present  time.  One  of  these  is  based  on  the  mean  mortality 
of  England  and  Wales  in  1891-1900 ;  the  other,  on  the  mortality 
of  certain  selected  healthy  districts  during  the  same  period.  The 
method  of  constructing  a  life  table  is  also  described  in  that  report. 

Newsholme's  Brighton  Life  Table  is  founded  on  the  statistics  for 
that  place  of  the  years  1881-1890. 

Hayward's  Life  Table  is  based  on  the  figures  of  the  population  of 
Haydock,  Lancashire. 

The  London  Life  Table,  prepared  at  the  instance  of  the  London 
County  Council,  deals  also  with  the  statistics  of  the  area  under  their 
jurisdiction  for  the  decade  1881-1890. 

Scottish  Life  Tables. — The  first  life  table  of  Glasgow  was  published 
in  1829  by  Mr  James  J.  Duncan.  His  estimate  of  the  population 
was  founded  on  the  rate  of  increase  ascertained  to  exist  in  the  census 
years  1801,  1811,  and  1821.  Dr  Chalmers'  New  Life  Table  for  Glasgow, 
1894,  reproduces  some  of  the  figures  from  Duncan's  table  as  well  as  a 
chart.  In  1836,  Mr  T.  R.  Edmonds,  B.A.,  wrote  an  article  "  On  the 
Mortality  of  Glasgow,  and  on  the  Increasing  Mortality  in  England."  ^ 
This  article  contained  data  between  1821  and  1835,  and.  he  stated  that 
the  most  striking  fact  which  arose  from  his  investigations  was  "  The 
rapid  and  uniform  increase  in  the  mortality  of  adults."  About  1835 
Mr  J.  Milne  contributed  an  article  to  the  Encyclopcedia  Britannica  ^ 
under  the  title  "  Mortality :  Human,"  in  which  he  referred  to  a  Table 
of  Mortality  for  Glasgow  which  he  hoped  to  publish  soon.  We  cannot 
find  that  it  was  ever  published.  In  1845  Nelson's  book  on  vital  statistics 
was  published.  It  contains  a  mortality  table  constructed  for  the  general 
population  of  Glasgow  city  for  comparison  with  the  mortalities  of  English 
cities.  This  table  was  based  on  the  census  populations  for  1831  and 
1841,  and  on  the  bills  of  mortality  for  the  city  for  the  ten  years  1832- 
1841.  He  points  out  as  the  result  of  his  inquiry  that  "  if  the  expectation 
of  life  for  the  city  of  Glasgow  be  referred  to,  the  remarkable  depreciation 
in  the  duration  of  life  there  will  appear  somewhat  startling.  No 
Table  of  Mortality  hitherto  published  will  show  anything  like  so  low 
an  estimate." 

Dr  Chalmers  published  his  New  Life  Table  for  Glasgow  m  1894, 
which  was  based  on  the  mortality  in  the  decade  1881-1890. 

Life  Tables  for  the  whole  of  Scotland  have  been  few.  The  first, 
so  far  as  we  know,  was  published  in  1873  by  Dr  W.  Robertson,  who  was 
then  Registrar-General  for  Scotland.  It  was  based  on  the  census  of 
1871,  and  on  the  registered  deaths  of  1873.  The  second,  by  Blair 
Cunynghame,^  was  based  on  the  census  population  of  1891,  and  the 
deaths  registered  in  1890, 1891  and  1892  ;  and  the  third,  by  Dr  Crauford 
Dunlop,^  on  the  census  of  1901,  and  on  the  deaths  in  1900,  1901, 

and  1902.  ^    ^     „    i    ^     i  •  , 

In  1904,  Adams  published  a  new  life  table  for  Scotland,  which 

1  Supp.  Reg.-Goneral's  Sixty-fiftli  Annual  Report,  1907. 

2  Lancet,  1836. 

3  Seventh  edition. 

*  Reg.-Gen.  Scotland  Thirty-eighth  Report. 
6  Ibid.,  Forty-eighth  Report. 
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was  based  on  the  census  returns  of  1891  and  1901  and  the  deaths  in 
the  decenniuni  1891-1900.1 

A  life  table  ought  to  show  the  following  particulars — viz. 

{a)  The  probability  of  a  unit  of  population  living  from  each  year 
of  age  tiU  the  next ; 

(6)  The  number  of  the  living  or  survivors  at  each  year  of  age ; 

(c)  The  number  of  the  dying  in  each  year  of  age; 

(d)  The  mean  or  central  population  in  each  year; 

(e)  The  aggregate  number  of  years  lived  by  those  who  survive  to 

any  given  age  ;  and 
(/)  The  "  expectation  of  life,"  called,  also,  "  the  mean  after-lifetime," 

at  birth  and  at  each  successive  year  of  age. 
The  following  table,  consisting  of  a  portion  of  Chalmers'  Life  Table  for 
Glasgow  for  Males,  shows  the  usual  form  and  particulars  of  a  life  table. 


Glasgow  Life  Table 
Based  on  the  Mortality  of  Ten  Years,  1881-1890 
Table  I. — ^Males 


Column 

1 

2 

3 

4 

5 

Age 

Dying  in  each 
Year  of  Age 

Born  and 
Surviving  at 
each  Age 

Population,  or 
Years  of  Life 
lived,  in  each 
Year  of  Age 

Years  of  Life 
lived,  in  and 
above  each  Year 
of  Age 

Expectation  of 
Life  at  each 
Year  of  Age 

X 

I. 

P. 

Qz 

0 
1 

2 

3 
4 

8,950 
4,348 
1,856 
1,122 
698 

51,234 
42,284 
37,936 
36,080 
34,958 

45,870 
40,051 
36,996 
35,514 
34,607 

1,802,340 
1,756,470 
1,716,419 
1,679,423 
1,643,909 

35-18 
41-54 

45-  25 

46-  55 

47-  03 

5 

6 

7 

8 

9 
* 

542 

408 

310 

241 

200 
* 

34,260 
33,718 
33,310 
33,000 
-32,759 
* 

33,988 

33,718 

33,155 

32,879 

32,659 
* 

1,609,302 

1,575,314 

1,541,801 

1,508,646 

1,475,767 
* 

46-97 

46-72 

46-29 

45-72 

45-05 
* 

103 

1 

1 

1 

1 

■11 

The  constituency  of  the  life  table  population  was  51,234  males  and 
48,766  females,  thus  making  up  100,000. 

Since  the  working  out  of  such  a  table  is,  perhaps,  one  of  the  hardest 
problems  which  a  statistician  has  to  perform,  and  is  certainly  one  of  the 
most  difficult  for  the  student  of  public  health  to  follow  and  to  com- 
prehend, it  will  be  well,  perhaps,  if  the  subject  be  treated  in  some 
detail.  The  headings  of  the  above  Table  explain  themselves  ;  it  is  not 
so  easy,  however,  to  ascertain  the  mechanism.  The  following  tables 
will  take  a  step  further  by  explaining,  where  such  explanation  is  needed, 
the  column  headings,  and,  partly,  the  formulae  by  which  the  results 
arc  arrived  at. 

1  Jour.  Roy.  Slat.  Soc,  vol.  Ixvii.,  part  iii.,  30tli  Sept.  1904. 
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Proof  of  formula  p,^ : 

—  I 

1.  Probability  of  living  to  end  of  year=  :  let  this  probability 
be  denoted  px. 

(I 

2.  Probability  of  dying  during  the  year=  p- 

3  Then     —        _  number  surviving  at  end  of  year_  Ir,  —d^- 
enpx  —  number  living  at  beginning  of  year  Ix 

4.  This  may  be  expanded  into  ^^-=A  =  f,'^  "l^^VAt^'  '• 

assumption  of  a  uniform  distribution  of  deaths  throughout  the 
currency  of  the  year.  The  mean  population  is  obtained  by  deducting 
one-half  of  the  deaths  occurring  in  the  ensuing  year  from  the  precise 
number  living  at  age  x. 

5.  Hence  -  \dx  may  also  be  written  \  (k  +  Zj.+i)=mean  popu- 
lation for  the  year  denoted  lx_^.^. 

6.  Substituting,  therefore, "  this  value  in  equation  in  (3)  there 
becomes : 

^ (Ix  -  hdx )  ^  \dx  ^  Ix  +i  -  \dx 
{Ix  -H)  +if4      Ix  +\  +  \dx  ■ 

7.  Now,  seeing  that  Ix  -f  |^  is  common  to  both  sides  of  this  equation, 
divide  each  term  by  Ix  +  \,  and  there  results  : 

_        ^  Ix  +\    ^xjit—  =W2x,  or  central  death-rate  per  unit  of 

~  ,  .  .dx  +  4 


1  +  f  1-  ,  1 

1  i»   ^  2 

population : 

8.  Therefore  i?j 


1^ 

:  1 

"  2 

rrix 

\^ 

mix 

2  - 

or 


2  4-  nix 


It  is  necessary,  however,  to  go  mrmer  into  a«taax^  u.^..  .^^^ 
those  steps  in  the  construction  of  a  life  table  may  be  f  ;^ 

The  essential  data  in  constructing  such  a  table  are  (1  the  number 
and  ages  of  the  living,  and  (2)  the  number  and  ages  of  the  djang  in  a 
certargiven  period  of  time  covered  by  years.    These  nw  be  obtained 

"  rrfdealS'irtTs^ppose  that  the  fate  of  a  million  children 
born  a":re  moment  of  fiL  could  be  observed  at  each  year 
aee-period  of  existence  until  the  whole  milhon  had  died.    This  datum 
Xufd  give  the  column  headed     which  would  be  the  sum  of  the  umts 
rpopSItion  wHch  begin  life  simultaneously,  -^j^f  J^^^^^^^^^^ 
the  number  who  reach  any  given  precise  age  ^.    The  co  ^^^^^ 
sents  the  number  of  that  population  who  die  ^^V^j^^f '^^.^g"^' 
before  the  completion  of  each  year  of  life ;  thus  in  Table  I.,  p.  oPPJ^'^f 
t^he  aae  one  (1)  the  figure  4348  represents  the  umts  who  died  after  they 
the  ago  one  Ui,  ;ouo   g  i  ^^^^^^  completed 

had  completed  the  ^;^«\y«^^^^^^^^^  represents  the  number  out  of  h  units 
their  second      'i; ^"''^^^^  but  who  have  died  before  reaching 

wordsftL  number  of  units  who  die  between  the  ages  x  and  x  -I-  1 


VITAL  STATISTICS  AND  STATISTICAL  EETUENS  67 

equals  the  difference  between  the  numbers  living  at  the  age  x  and  the 
age  X  +  1.  For  example,  in  Table  I.,  p.  63,  the  figure  51,234  in  the 
cohunn  U  opposite  the  age  Xo  equals  the  sum  of  the  deaths— 8950— 
in  the  column  4  and  the  surviving  lives— 42,284— at  the  age  x.  in  the 
column  Ix. 

Such  a  method  as  this,  however,  cannot  be  attained  in  reality. 

II.  A  second  method— a  more  practical  one— is  to  trace  the  fate 
year  by  year  of  a  million  children  born,  no  matter  the  precise  dates 
of  their  births,  so  long  as  the  numbers  of  living  and  the  numbers  of 
dying  respectively  are  known  for  each  year  of  life.  The  data  for  such 
a  method  are  not  obtainable,  however,  from  our  records.  Insurance 
compames  largely  base  their  business  on  the  Healthy  Males  Table  of  the 
Institute  of  Actuaries,  which  has  been  founded  on  the  results  observed 
of  a  large  number  of  insured  lives  from  date  of  insurance  till  death. 

III.  The  third  method,  which  is  at  once  the  most  practical  and  most 
available  method,  is  to  operate  on  the  data  provided  by  a  complete 
census  of  the  population  of  a  city,  or  combination  of  districts,  healthy 
or  otherwise,  or,  better,  of  a  whole  country,  distributed  according  to 
age  and  sex  for  each  year  of  life.  Such  data  give  the  column  From 
the  annual  returns  of  deaths,  distributed  in  like  manner  for  each  year 
and  covering  the  period  of  time  under  review,  we  obtain  the  data  for 
the  column  dx. 

The  method  now  commonly  adopted  is  a  modified  form  of  the 
last-named.  A  considerable  period  of  time,  not  less  usually  than  a 
decenmum,  is  taken,  so  as  to  neutralise  any  error  which  might  result 
from  an  exceptional  death-rate  in  any  one  year.  The  population, 
or  sum  of  the  lives,  under  consideration— the  column  ^^— is  either 
obtained  from  the  figures  derived  from  one  census  enumeration,  or, 
preferably,  from  two  census  enumerations— viz.  the  last,  and  the  one 
immediately  preceding  the  last  census. 

In  such  calculations  it  is  assumed  that  the  rate  of  mortality  i.e. 

the  proportional  mortality  per  unit  of  population— for  any  given  year 
of  life  will  be  applicable  to  other  units  out  of  a  given  number  started 
with  at  birth,  and  as  they  successively  attain  the  year  in  question. 
When  we  consider  that  the  shortest  period  of  time  dealt  with  in  a  life 
table  is  one  year  of  life,  and  when  it  is  said  that  a  given  number  of  units 
die  between  x  year  and  x  -F  1  year,  it  is  to  be  remembered  that  the 
incidence  of  deaths  throughout  that  year  is  not  uniform— that  is,  that 
the  deaths  are  not  equally  distributed  throughout  the  twelve  months. 
In  fact  the  deaths  do  not  occur  precisely  at  the  age  x,  but,  on  the  other 
hand,  some  will  have  happened  shortly  after  the  attainment  of  the 
age  X,  some  during  the  currency  of  the  year  x  -I-  1,  and  some  just  before 
the  completion  of  the  year  x  +  1.    For  purposes  of  a  life  table,  however, 
It  must  be  assumed  that  the  deaths  between  age  x,  and  the  age  x  +  1 
occur  at  equal  intervals  during  the  year,  from  which  assumption  an 
infinitesimal  error  only  follows  for  all  the  years  of  life  except  the  first 
two  years.    The  column      gives  the  mtmber  of  units  out  of  a  given 
assumed  number  born  who  attain  any  of  the  following  precise  ages  • 
for  example,  in  Table  I.,  p.  63,      represents  the  number  who  survive 
to  complete  the  fourth  year  of  life  out  of  the  number  l„  at  birth.  In 
the  table,  1^  gives  the  figure  34,958,  which  represents  the  number  sui-- 


68  PUBLIC  HEALTH 

viving  out  of  tlie  population  l,,,  or  51,234  starting  at  birth.  For  the 
years  and  1^,  let  us  say,  or  any  other  two  years,  the  number  of  units 
who  attain  the  middle  of  these  two  or  any  other  two  years  will  be  the 
arithmetical  mean  of  the  number  who  began  the  year  and  the  number 
who  completed  it;  thus:  +  ^  =  ^  {Ix  +  Ix+i)-  The  number  who 
attain  the  middle  of  the  fourth  year  of  life  is  l^j^  or  ^(^3  +  1^). 

In  this  way  the  mean  population,  or  central  population,  is  found, 
which  is  denoted  by  Px,  or  by  Lx  as  it  is  called  in  actuarial  works. 

The  deaths  extracted  from  the  registers  are  denoted  by  the  column 
dx.  If,  now,  the  number  of  deaths  registered  at  any  year  of  age,  dx, 
be  divided  by  the  mean  or  central  population  at  that  year  of  age,  Px, 
the  rate  will  be  obtained  at  which  the  population  is  dying  in  the  middle 
of  that  year  of  age.  This  ratio  of  deaths  to  central  population  was 
denoted  nix  by  Farr.  Actuarial  writers,  on  the  other  hand,  employ 
the  term  Qx  to  this  rate  of  mortality,  and  by  the  term  nix  they  mean 
the  central  death-rate,  or  the  death-rate  at  the  centre  or  middle  of  the 

year  in  question.    From  this  is  obtained  the  formula  ^  =  nix  :  where 

Mx  signifies  the  rate  of  mortality  per  unit  of  population. 

Since  a  life  table  deals  with  the  probabilities  of  life  and  death,  it 
is  necessary  to  see  how  these  probabilities  may  be  calculated  from  this 
rate  of  mortality  mx. 

In  estimating  the  probabilities  of  any  given  event  happemng,  the 
relation  of  the  successful  to  the  unsuccessful  events  is  best  expressed 
as  a  vulgar  fraction,  of  which  the  numerator  is  the  number  of  successful 
or  favourable  events,  and  the  denominator,  the  number  of  possible 
total  events ;  thus  if  one  puts  in  a  bag  four  white  balls,  and  twenty 
black  balls,  the  total  possible  number  of  drawings  of  balls,  taking  one 
at  a  time,  is  twenty-four,  and  out  of  these  twenty-four  there  will  only 
be  four  drawings  in  which  a  white  ball  will  be  drawn,  the  remainder 
of  the  drawings  being  black  balls ;  therefore,  the  number  of  possible 
events  in  which  a  white  baU  will  be  drawn  being  four,  the  fraction  formed 

will  be  A  :  or,  to  put  it  in  another  way,  ^  '  ^=^  =  ^^^  number  of 

times  in  which  a  black  ball  will  be  drawn.  ,  1    ,  x  7 

By  application  of  this  principle  to  the  terms  of  a  life  table,  let  I, 
equal  the  number  of  persons  living  at  the  commencement  of  the  year 
X  oi  whom  h+i  survive  till  the  completion  of  the  year:  the  prob- 
abUity  of  a  given  unit  in  the  series  living  to  the  end  of  the  year  is, 

therefore,       ;   and  since  the  number  d,-,  die  during  the  year,  the 

d 

probability  of  any  unit  dying  during  the  year  becomes  ^.    Let  this 

probability  be  denoted  fx  —that  is,  the  probability  that  a  unit  of  the 
age  X  will  suiwe  one  full  year-and  the  probability  that  the  same  umt 
will  die  within  that  year  be  denoted  g.r,  there  follows  this  equation: 


dx 

q..  =  J. 


VITAL  STATISTICS  AND  STATISTICAL  EETURNS  69 

Thus  tlie  probability  of  ._  number  of  survivors  at  end  of  year  _ 
living  through  one  year  ~  number  living  at  beginning   of   year  ~ 

=  — -  =  p.i  :  which  may  be  expressed  more  fully  in  the 

following  equation  :— 

I.  -  4  ^  ik  -  U,)  -  U. 

Ix  {I.   -  id,.)  + 

AVhen  it  is  assumed  that  the  deaths  in  any  one  year,  other  than  the 
first  two  years  of  life,  are  equally  distributed  throughout  the  year, 
the  mean  population  of  that  year  is  obtained  by  deducting  one-half 
the  deaths  occurring  in  the  succeeding  year  from  the  exact  number 
of  units  living  at  the  age  x.  Hence  the  term  -  ^dr,  which  is  some- 
times expressed         +  1,:+-^),  equals  the  mean  population  for  the 

year,  which  is  denoted  by  +  i ;  therefore  =  +  ^  ~  i'^'- ;  and, 
dividing  each  term  by  l,  +  |,  there  is  obtained  the  following  result  :— 

V>'  =  TT^ 

1  -4-  2"*^ 

/    4-  i 

but  the  fi-action  -A^  ^number  dying  at  age  x 

h  +  ^     mean  population  at  age  x  '  ^ 

rate  per  unit  at  which  persons  are  dying  in  the  centre  of  the  year  of 
age  X  to  x  +  1,  which  is,  moreover,  the  same  rate  as  was  obtained 
by  dividing  dr  of  the  death-registers  by  the  px  obtained  from  the 
census  population. 

Hence  the  following  formula  is  evolved  : — ■ 

Px  =l::i^'■o^^^ 

1  +  \mx      2  +  wi,; 

By  this  formula  a  simple  relation  is  found  to  exist  between  the 
probabilities  of  life  and  death,  since  after  obtaining  from  the  census 
returns  and  fi-om  the  death-registers  the  ratio  w,,  for  all  values  of  x 
or  all  ages,  it  is  easy  to  find  p,..,  and  from  these  data  we  can  proceed  to 
construct  a  life  table.  The  following  example  is  taken  from  Table  I.,  p.  63. 
The  entry  m  the  nix  column,  or  4  column  as  it  is  denoted  in  the  Glasgow 
Table  is,  as  has  been  said,  obtained  by  dividing  the  number  of  deaths 
during  the  year  by  the  mean  population  for  that  year,  and  the  prob- 
ability of  living  one  year  by  the  formula  pr  =  %i:J^ .    The  mean 

2  +  Mx 

annual  number  of  males  livmg  under  one  year  of  age  during  the  decen- 
nium  1881-1890  was  8374-8  or  83,748,  being  the  number  of  lives  at 
risk  in  that  decennium.  The  naale  deaths  under  one  year,  as  corrected, 
in  the  same  period  numbered  16,030.  The  average  annual  mortality 
per  unit  for  males  during  the  first  year  of  life  was,  therefore,  the  pro- 

837i8~^'^"  ^"l^l^l-    Taking  now  the  first  part  of  the  formula 
Px  =  |-     f       we  get  the  following  : — 
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=  1—       ^^2  ^^  ^=Q'904:295,  or  the  population  living  at  the 

end  of  the  year,  and  1  +  =  1  +  ^  ^  ^^2^^  )  ^  ^ '095705,  or  the  population 
living  at  the  beginning  of  the  year. 

TT        .1    +•       1  •  0-904295 

Hence  the  lormula  px  =  iTT  becomes  in  this  case  fx  =TTra-7n- 

=  0"82531,  or  the  probability  for  males  at  birth  living  through  the  first 
year.    It  is  easy  to  show  that  the  second  pai-t  of  the  equation,  viz. 

p.v  =  2  _|.     >  same  as  the  first  part  by  using  the  same  figures. 

Reduced  to  terms,  f; 


2  -  0-19W1 


=  0-82531. 


2  +  0-19141 

The  following  table  gives  a  list  of  the  probabilities  worked  out 
for  certain  succeeding  ages  of  the  Glasgow  Table ;  but  the  same  principle 
is  used  and  the  same  method  applied  to  all  ages  until  all  the  lives  of  the 
series  have  become  extinct. 

Glasgow  Life  Table 
Based  on  the  Mortality  in  Ten  Years,  1881-1890 
Table  II. — ^Males  and  Females 


Number  surviving  at  each  Age  out  of 

Age 

Chance  of  living  One  lear  Irom  eacn  Age 

100,000  bom 

X 

Males 

Females 

Males 

Females 

0 

•82531 

•85318 

100,000 

100,000 

1 

•89716 

•90471 

82,531 

85,318 

2 

•95105 

•95307 

74,044 

77,188 

3 

•96889 

■97088 

70,422 

73,566 

4 

•98001 

•97995 

68,231 

71,424 

5 

•98417 

•98511 

66,870 

69,992 

6 

•98790 

•98924 

65,811 

68,950 

7 

•99071 

•99196 

65,015 

68,207 

8 

•99267 

•99365 

64,411 

67,659 

9 

•99391 

•99458 

63,939 

67,229 

103 

•59105 

•61494 

2 

10 

The  column  h  is  obtained  by  multiplying  the  number  living  at  the 
immediately  preceding  year  by  p,.  Starting  m  the  Glasgow  Table 
with  51,234  males  at  birth,  and  having  found  the  probability  of  their 
sui-viving  one  year,  viz.  0-82531,  the  two  are  multiplied  together  by 
logarithms  as  the  shortest  method  : 

log.  of  51,234  =  4;7095583 

log.  of  0-82531  =  1-9166118 

4-6261701  =  42,284. 
By  thus  finding  the  probability  of  life  for  each  year  or  group  of  years, 
in  turn,  the  surviving  population  in  each  year  may  be  calculated. 
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The  next  column  in  the  table  is  headed  Px.  It  shows  the  mean 
number  living  in  each  year  of  life,  or,  as  it  is  designated  in  the  table, 
"  population  of  years  of  life  lived  in  each  year  of  age."  The  figures  in 
this  column  are  directly  derived  from  the  data  obtained  in  making 
the  column  As  has  been  seen,  51,234  males  began  the  first  year  of 
life  but  only  42,284  succeeded  in  completing  it.  These  42,284  lives, 
therefore,  contributed  42,284  years  of  life  ;  but  8950  lives  became 
extinguished  dming  its  currency;  thus  42,284  +  8950  =  51,234. 

Deaths  during  the  first  year  of  life  are,  however,  very  unequally 
distributed.  This  will  be  observed  by  considering  Table  I.,  p.  63.  It  is 
necessary,  therefore,  that  from  the  death-registers  the  times  of  death  in 
ages  of  months  or  groups  of  months  in  the  first  year  of  life  should  be 
noted.  In  the  Glasgow  statistics  they  were  grouped  as  dying  under 
3,  between  3  and  6,  and  between  6  and  12  months  respectively.  These, 
however,  collectively  lived  a  certain  number  of  years  ;  and  it  was  found 
that  those  8950  infants  who  died  during  their  first  year  of  life  con- 
tributed collectively  3586  years  of  life.  These  collective  years  of  life, 
therefore,  fall  to  be  added  to  the  sum  of  the  years  lived  by  the  survivors 
of  the  first  year ;  thus,  42,284  +  3586  =  45,870  years,  which  is  the 
first  figure  in  the  Glasgow  Table  under  the  column  fx.  In  the  years 
subsequent  to  the  first  year  of  life,  no  such  addition  has  to  be  made, 
because,  as  has  been  shown,  in  these  years  it  is  assumed  that  the  deaths 
are  equally  distributed  throughout  the  year. 

The  next  column  is  the  Qx  column.  The  number  opposite  any 
given  age  in  the  column  is  the  sum  of  all  the  numbers  in  the  fx  column 
from  that  age  to  the  end  of  the  table — that  is,  until  all  the  lives  have 
become  extinct.  The  column  shows,  therefore,  the  aggregate  years 
which  the  persons  at  each  year  of  age  given  in  the  table  will  live  ;  thus 
as  in  the  Glasgow  Table, 

^Po+P,  +  P2  +  Ps  +  Pi  +  P,  +  P,  +  P,+Ps+P,  +  P^o3 

The  figures  in  the  last  column  Ex  =—-,  that  is,  the  expectation  of 

life  at  each  year  of  age,  or,  as  it  is  also  called,  the  mean  after-lifetime, 
are  obtained  by  dividing  the  figure  in  the  column  Qx  by  the  opposing 
figure  in  the  column  Ix  ;  thus,  1,756,470  +  40,051  =  41-54 ;  and  the 
next  succeeding  figure  in  the  column  is  less  than  that  immediately 
above  it  by  the  figure  in  the  P,,;  column ;  thus:  1,756,470-40,051  = 
1,716,419. 

It  must  be  observed  that  in  all  that  has  been  said  up  till  now  it 
has  been  assumed  that  the  numbers  of  population  and  of  deaths  for 
each  sex  at  each  age  are  known.  This,  however,  is  not  possible  in 
practice,  for  in  the  census  returns  and  the  annual  death  returns  the 
figures  are  given  only  for  groups  of  ages.  The  figures  for  intermediate 
ages  in  age-groups  must,  therefore,  be  obtained  by  interpolation, 
which  is  specially  applicable  to  the  later  years  of  life,  but  is  not  suitable 
for  the  first  five  years  of  life. 

The  Glasgow  Life  Table,  from  which  we  have  in  the  main  taken  our 
examples,  was  based  on  the  census  returns  of  1881  and  1891,  and  on 
the  deaths  recorded  during  the  ten  years  1881-1890.  In  constructing 
the  table  it  was  necessary  to  have  the  following  accurate  data,  viz. 
(1)  the  population  for  each  year  of  age,  and  (2)  the  number  of  deaths 
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occurring  during  each  corresponding  year  of  age,  so  that  the  exact 
death-rate  for  each  year  of  age  might  be  exactly  ascertained.  Tliese 
data,  as  has  been  remarlced,  are  not  supplied  by  the  census  returns 
either  for  yearly  population  in  each  age  or  for  yearly  deaths  in  each 
year  of  life.  The  first  thing  necessary  to  be  done,  therefore,  is  to  sort 
out  the  total  population  into  age-groups  for  each  sex,  and  then  the 
deaths  according  to  age  as  follows  : — 0-1,  1-2,  2-3,  3-4,  4-5,  5-10, 
10-15,  15-20,  20-25,  25-35,  35-45,  45-55,  55-65,  65-75,  75-85,  85-95, 
95  and  upwards.  These  populations,  it  must  be  noted,  are  the  popula- 
tions for  1881  and  1891  respectively  as  enumerated  at  the  end  of  March 
—the  end  of  the  first  quarter  of  the  year.  It  is  necessary,  therefore, 
to  obtain  the  mean  or  central  population  in  the  middle  of  the  year  , 
by  geometrical  progression  as  in  finding  intercensal  populations. 

Farr  in  his  Life  Table  No.III.  pointed  out  that  "  the  true  mean  popu- 
lation, which,  multiplied  by  the  number  of  years  in  the  period,  is 
equal  to  the  years  of  life  in  it,  is  less  than  the  mean  of  the  population 
living  at  the  beginning  and  end  of  the  period,  and  more  than  the 
population  living  in  the  middle  of  the  period."  To  correct  this, 
Tatham  in  his  Manchester  Life  Table  used  the  following  formula  : — 

PJ?-Px  -43429448  . 
Common  log.  of  E, 
where  PR  represents  the  population  to  be  sought  and  P  the  population 
at  some  previous  time.    This  gives  the  exact  mean  number  living  at 
all  ages  throughout  the  decade,  which  works  out  in  the  Glasgow  Table 
as  536,810  persons,  instead  of  537,266,  which  is  the  arithmetical  mean. 
Knowing  the  number  of  male  and  female  deaths  during  the  decade  for 
all  ages,  it  is  now  easy  to  find  the  average  annual  death-rate  per  unit 
of  population  during  the  decade,  thus  : 
Male  Deaths  Female  Deaths 

65,553         +  64,994       =-024319  per  unit; 

5,368,100 
(Pop.  during  10  Years) 
or  24-32  per  1000  per  annum  of  those  living. 

From  the  mean  number  living  the  number  of  lives  at  risk  during  the 
decennium  is  ascertained  by  multiplying  the  number  living  by  the 
number  of  years  in  the  period— viz.  5,368,100 ;  and  these  estimated 
numbers  may  now  be  subdivided  into  various  age-groups. 

From  the  numbers  of  lives  at  risk  in  the  various  age-groups  and 
the  numbers  of  deaths  at  the  corresponding  ages,  the  annual  death-rate 
for  each  group  may  then  be  calculated. 

The  construction  of  that  part  of  a  Life  Table  which  deals  with  the 
first  quinquennium  of  life  always  presents  special  difficulties,  because 
the  figures  of  population  in  these  years,  although  they  are  published 
in  the  census  returns,  are  very  untrustworthy,  and  because  the  method 
of  interpolation  is  unsuitable.  Kecourse  must,  therefore,  be  had  to 
the  birth  and  death  statistics  of  such  children. 

The  number  of  deaths  in  the  Glasgow  Table  of  male  children  under 
five  years  was  30,836,  and  the  mean  population  for  the  group  of  years 
0-5  was'^ 35,753-6,  which  gives  an  average  annual  mortality-rate  per 
unit  of  -8624,  or  86-24  per  1000  living.    But  it  was  found  that  of  the 
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30,836  deaths,  16,030  occurred  in  children  under  one  year,  7933  between 
tlic  ages  1-2,  3450  between  2-3,  2108  between  3-4,  and  1317  between 
4  and  5  years.  To  obtain  the  numbers  living  at  these  ages,  such  can 
only  be  obtained  by  finding  (1)  the  numbers  of  deaths  registered  at  each 
of  these  individual  years  of  life,  and  (2)  the  number  of  births  registered 
annually  for  the  series  of  years.  In  Glasgow,  in  the  decennium  1881- 
1890,  100,661  male  children  were  born,  and  during  the  same  decennium 
16,030  male  infants  died  during  the  age  0-1.  It  is  clear  that  a  certain 
number  of  these  16,030  deaths  registered  in  1881-1890would  be  of  children 
who  were  born  during  the  currency  of  the  year  1880,  and  in  like  manner 
some  of  the  male  infant  deaths  under  one  year  which  were  registered 
in  the  early  months  of  1891  would  be  of  children  born  during  the  currency 
of  1890.  The  constituency  of  children,  therefore,  from  which  the  deaths 
in  any  year  are  contributed  must  necessarily,  on  the  assumption  that 
the  deaths  are  uniformly  distributed  throughout  the  year,  include, 
in  the  above  case,  one-half  of  the  children  born  during  the  year  1880, 
and  not  include  one-half  of  the  children  born  in  1890  ;  in  other  words, 
in  the  decennium  1881-1890,  one-half  of  the  children  born  during  1880 
must  be  added  to,  and  one-half  of  those  born  in  1890  must  be  sub- 
tracted from,  the  total  infant  population  born  in  that  decennium,  in 
order  that  the  number  out  of  which  the  deaths  under  one  year  of  age 
occurred  in  1881-1890  may  be  obtained,  thus  : 

Total  male  births,  1881-1890=100,649 
plus  One-half        „       1880  4,822-5 

105,47 1-5 

less  One-half        „.      1890  4,931 

100,540-5 

which  is  the  total  number  of  male  infants  born  from  which  16,030  deaths 
under  one  year  occurred  in  the  decennium. 

To  obtain  the  number  of  males  living  out  of  which  the  deaths  in  1881 
under  two  years  occurred,  the  constituency  consists  of  : 

One-half  the  male  births  of  1879 

M         the     „       „     of  1880  to  1888 ;  and 

One-half  the     „       „     of  1889. 
From  the  total  so  obtained,  the  deaths  of  males  under  one  year 
occurring  in  1881-1890  fall  to  be  deducted.    To  obtain  the  numbers 
of  males  between  four  and  five  years  out  of  which  the  deaths  during  these 
ages  occurred,  the  constituency  will  consist  of : 

One-half  the  male  births  of  1875 

All         the     „       „     of  1876  to  1886  inclusive;  and 

One-half  the     „       „     of  1887 ; 
and  from  the  sura  of  these  must  be  deducted  the  deaths  under  1  year 
occurring  in  1877-1886,  those  under  2  years  occurring  in  1878-1887, 
those  under  3  years  occurring  in  1879-1888,  and  those  under  4  years 
occurring  in  1880-1889. 

But  it  has  also  to  be  noted  that  the  mean  annual  population  of  male 
children  under  5  years,  as  calculated  from  the  census  returns,  was 
35,753,  and  that  this  figure  is  much  less  than  the  number  which  would 
have  been  found  if  that  population  of  male  children  had  only  been 
disturbed  or  reduced  by  death.    Tlie  diflcrence  falls  to  hv.  explained 
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by  the  emigration  of  families  in  which  there  were  male  children  under 
5  years  of  age.  These  numbers  in  deficiency  must  also  be  dealt 
with  in  a  table,  and,  proportioned  by  the  differences,  must  be  allocated 
to  the  male  population  of  the  years  0-1,  1-2,  2-3,  3-4. 

After  these  corrections  have  been  duly  made,  the  exact  numbers 
of  population  for  each  year  under  5  are  arrived  '  at,  out  of  which 
the  respective  yearly  deaths  occur. 

In  the  construction  of  the  New  English  Life  Table  for  1891-1900,1 
the  scheme  of  interpolation  for  ages  over  5  years  which  was  employed 
was  to  take  the  values  of  log.  fx  at  ages  5,  15,  25,  etc.,  in  groups  of  five, 
beginning  successively  at  ages  5,  15,  etc.,  each  series  thus  covering  a 
period  of  forty  years.  The  interpolated  values  for  the  middle  twenty 
years  of  each  series  were  only  used  on  the  principle  that  the  values  near 
the  centre  of  a  series  will  be  nearer  the  truth  than  those  at  the  end  of 
the  series.  By  this  means  two  values  of  log.  fx  were  obtained  at  a 
particular  age. 

Conditions  to  be  observed  in  all  Statistical  Calculations: — 

Quetelet's  rules  are  well  worthy  of  remembrance  in  all  statistical 
investigations.    These  are  : 

1.  Not  to  have  preconceived  ideas  as  to  what  figures  are  to  prove  ; 

2.  Never  to  reject  any  figure  that  appears  contrary  to  one's  ex- 

pectation ; 

3.  Carefully  record  and  consider  all  possible  causes  of  an  event, 

and  do  not  accord  to  one  cause  what  is  actually  the  result  of 
several  causes  in  combination  ; 

4.  Never  compare  data  which  have  nothing  in  common. 

To  observe  the  foregoing  rules  and  to  sustain  statistical  conclusions 
on  the  high  and  exact  standard  worthy  of  statistics,  the  following 
observances  must  be  rigidly  followed — viz. 

1.  Facts,  or  numerical  units,  must  be  exactly  comparable.  As 
Parkes  puts  it,  "  the  dividing  character  must  be  so  definite  as  to  leave 
no  doubt  into  which  group  a  unit  shall  fall ;  it  must  be  precise  enough 
to  prevent  the  possibility  of  a  unit  being  in  two  groups  at  the  same  time." 

2.  The  facts,  or  numerical  units,  must  be  arranged  into  groups, 
and  a  constant  numerical  standard  must  be  adopted  to  show  the  relation 
of  the  groups  to  the  units.  This  standard  may  be  per  100,  1000,  or 
1,000,000. 

3.  The  smaller  the  number  of  facts  from  which  certam  conclusions 
are  inferred  [the  process  being  induction  not  deduction],  the  greater 
the  liability  to  probable  error  ;  and  the  converse  is  true.  The  frobahle 
error  has  been  well  defined  as  "  the  amount  of  departure  from  the 
average  within  which,  on  one  side  or  other,  it  is  an  even  chance  that 
the  truth  exists."  In  all  calculations  derived  from  small  numbers, 
therefore,  while  they  are  true  of  that  set  of  acts,  they  must  not  be 
taken  as  true  of  the  next  series  of  facts ;  in  other  words,  variation 
exists,  which  variation  is  the  probable  error.  This  will  be  better 
illustrated  by  concrete  examples.  We  speak,  for  example,  of  the 
"average"  or  "mean"  death-rate.  For  instance,  in  the  decade 
1871-1880  the  mean  death-rate  was  28-09  per  1000  of  the  population, 
and  by  that  is  meant  that  the  sum  of  the  death-rates  of  the  years  1871 

1  Supplement  to  Sixty-fiftVi  Annual  Report  of  tlie  Registrar-Gcncrftl,  1907. 
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to  1880  inclusive  divided  by  ten,  the  number  of  years,  was  28-09  ;  but 
in  that  series  of  figures  each  was  different.  The  mean  or  average,  there- 
fore, is  obtained  by  dividing  the  sum  of  the  facts  hj  the  number  of  them. 
This  is  called  the  Arithmetical  Mean  or  Average.  The  following  is  a 
worked-out  example  : — 

Table  XXIII. 
Death-Rates  of  Glasgow,  1898-1907 


Year  Death-Rate  per  1000  per  Annum 

1898  =  21-2 

1899  =  21-6 

1900  =  22-0 

1901  =  21-2 

1902  =  20-0 

1903  =  19-0 

1904  =  19-3 

1905  =  17-9 

1906  =  17-8 

1907  =  18-5 


198-5  -f-10  =19-85  =mean  of  whole  series. 
It  will  be  observed,  however,  that  in  that  series  of  figures  some  of 
the  figures  are  above  and  some  below  the  mean,  or  average.  There- 
fore, it  would  not  be  correct  to  say  that  19-85  will  be  the  true  death-rate  of 
the  next  decennial  period,  but  only  approximately  true.  The  relation  of 
this  arithmetical  mean  to  the  series  of  facts  from  which  it  is  obtained  is 
such  that  the  differences  of  the  mean  of  the  numbers  greater  than  the 
mean  from  which  the  mean  of  the  whole  series  is  subtracted,  and  of 
the  mean  of  the  numbers  less  than  the  mean  subtracted  from  the  mean 
of  the  whole  series,  exactly  neutralise  or  are  equal  to  one  another. 
Thus  :  ^ 

Death-Rates  greater  than  the  Mean  of  Whole  Series — 19*85 

1898  =  21-2 

1899  =  21-6 

1900  =  22-0 

1901  =  21-2 

1902  =  20-0=106-0^5=21-2 

Death-Rates  less  than  the  Mean  of  Whole  Series 

1903  =  19-0 

1904  =  19-3 

1905  =  17-9 

1906  =  17-8 

1907  =  18-5  =92-5^5=18-50 

21-2  — 19-85  =1-35  =error  in  excess; 
19-85  — 18-50  =1-35  =error  in  deficiency  ; 
1-35-1- 1-35  -^2  =1-35  =mean  error  ; 
1-35  X  0-6475  =0-91  =probablo  error. 

Therefore  in  the  next  decennial  series  the  death-rate  might  be  : 

19-85+0-91     =  20-76\ 
or  19-85-0-91     =    18-94/  1000  per  annum. 

To  find  the  mean  error :  (1)  find  the  mean  of  the  series  of  observations ; 
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(2)  find  tlie  mean  o£  the  observations  above  tlie  mean  of  the  whole, 
and  subtract  the  mean  from  it,  wliich  will  be  the  mean  error  in  excess  ; 

(3)  find  the  moan  of  the  observations  below  the  mean  of  the  whole,  and 
subtract  it  from  the  mean,  which  will  be  the  mean  error  in  deficiency ; 

(4)  add  tlie  two  quantities,  and  take  the  half ;  and  the  answer  will  be 
the  mean  error  ;  the  fwhable  error  is  0-6745  or  roughly  §  of  the  mean 
error. 

Another  method  of  estimating  the  probable  error  is  Radicke's 
"  Method  of  Successive  Means." ^  The  method  may  be  demonstrated 
from  the  same  figures. 

First  Mean  21-2 
Second  Mean  =21-2  +21-6  -^2  =  21-4 
Third  Mean   =21-2 +21-C +22-0  =  21-C 
Fourth  Mean  =21-2  +21-G  +22-0  +21-2  =  21-5 
Fifth  Mean    =21-2 +21-6 +22-0 +21-2 +20-0  =  21-2, 
Sixth  Mean    =21-2 +21-6 +22-0 +21-2 +20-0  + 19-0  =  20-83 
SeventhMean  =21-2 +21-6 +22'0 +21-2 +20-0 +  19-0 +  19-3+  20-614 
Eighth  Mean  =21-2  +21 -G  +22-0  +21-2  +20-0  + 19-0  +  19-3  +  17-9  20-270 
Ninth  Mean  =21-2+21-6+22-0  +21-2+20-0  + 19-0  +  19-3  +  17-9  +  17-8  =20. 
Tenth  Mean  =19-85 
=208-469  +10  =20-47  =mean  of  the  ten  means. 

From  the  foregoing  set  of  means  it  will  be  seen  that  it  is  only  in 
the  last  five  that  the  figure  20  is  common,  and  that  they  approach 
the  arithmetical  mean  or  average. 

Radicke  also  advises,  in  order  that  the  truth  may  be  still  more 
nearly  approached,  the  employment  of  the  Quadratic  Mean,  which 
is  the  square  root  of  the  arithmetical  mean  of  the  squares  of  the  given 
numbers. 

In  addition  to  the  arithmetical  and  successive  means,  there  are  the  geometric, 
harmonic,  and  quadratic  means,  which,  however,  are  hardly  ever  used  m 
practice  for  statistical  calculations.  The  reader  is  referred  to  the  monograph  by 
Radicke  for  fuller  information  (loc.  cit.).  The  bases  of  the  methods  by  wluch 
these  means  may  be  arrived  at  may,  however,  be  set  down. 

Svippose  it  is  required  to  ascertain  the  mean  of  the  foUowmg  four  numbers, 
6,  8,  9,  3,  by  these  different  means.  Then,  the  arithmetical  mean  is  obtained  by 
dividing  the  sum  of  the  observations  by  the  number  of  them,  thus  : 

6+8+9+3 
 4  =6-5 

The  method  of  successive  means  is  obtained  by  taking  the  mean  of  tlie  fir.st 
6  +  8  two  ntunbers,  then  of  the  first  three,  then  of  the  first  four. 

=7        and  so  on  until  the  series  of  observations  is  exliausted.  The 
accuracy  or  inaccuracy  of  the  moan  is  exhibited  by  the  con- 
6+8+9  currence  or  non-concurrence  of  the  figures  of  the  different 

3  means  obtained,  results  which  depend  upon  the  largeness  or 

smalbiess  of  the  number  of  observations.    In  oiu-  example 
6+8+0+3  there  can  bo  no  pretence  to  accuracy. 

4  The  geometric  mean  is  the  product  of  the  figures  of  the  ob- 

servations multiplied  together  into  the  root  of  the  number  of  observations, 

thus :  

V6  X  8  X  9  X  3  =  ^1296  =6.  


1  New  Sydenham  Soc,  vol.  xi.  p.  1861,  "  On  the  Import.aneo  and  Value  of 
Arithmetical  Means." 
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Tho  harmonic  mean  is  tlio  "  reciprocal  value  of  the  arithmetical  mean  of  the 
reciprocal  values  of  the  given  nmiibers."  "  The  reciprocal  value  of  any  number  is 
that  number  used  as  the  divisor  of  vmity ;  thus  the  reciprocal  value  of  6  =i, 
of  9  =:^,  of  8  =  J,  and  so  on.    In  the  above  case,  it  worlis  out  thus  : 

i+^n+i  _T¥ir^ir  -238i _1290       , „„„ 
4   r  ~1296  2m 

The  quadratic  mean  is  the  square  root  of  the  arithmetic  mean  of  the  squares 
of  the  given  nmnbers,  thus  : 


+82 +92+32        /190  ,— -  , 


89. 


It  will  be  observed  that  the  means  of  the  figures  above  given  are  different 
from  each  other.    They  are  respectively  : 

Ai-itlimetic  mean  =6-5. 
Method  of  successive  means  =      a  figiu-e  which  is  derived  from  too 

small  a  number  of  observations  to 
pretend  to  any  value  to  accuracy. 

The  geometric  mean  =6- 
The  harmonic  mean  =5-4439. 
The  quadratic  mean  =6-89. 

According  to  Badicke  the  quadratic  always  exceeds  the  arithmetic  mean, 
depending  upon  the  greater  inequality  of  the  numljers  :  the  more  equal  the 
numbers  the  greater  the  coincidence. 

The  arithmetical  mean  may  be  used  in  different  sets  of  circumstances — viz. 

First,  as  the  expression  of  a  pure  average,  where  it  is  applied  to  nmnbers 
wliich  are  exact  and  definite.  It  may  be  apphed  to  ages  of  a  body  of  individuals 
or  to  any  other  definite  sets  of  ascertained  facts.  Ten  persons,  for  example,  are 
aged  respectively  2,  6,  8,  10,  20,  60,  65,  80,  84,  91.  The  average  age  of  the  group 
will  therefore  be  42-6  years,  on  the  supposition  that  the  surplus  of  years  of  the 
seniors  could  be  transferred  to  the  jimiors.  In  another  group  of  ten,  however, 
the  average  works  out  as  36.  All  that  may  legitimately  be  inferred  from  these 
facts  is  that  the  aggregate  of  ages  of  these  two  gi-oups  has  the  relation  of  42-6 
and  36. 

Second,  as  the  expression  of  the  probable  value  of  a  definite  fixed  quantity. 
This  method  may  be  applied  to  a  series  of  measurements  of  an  object,  a  series  of 
chemical  analyses  of  a  given  fluid,  or  such  Uke  problems  in  which  errors  originat- 
ing in  the  observer  are  likely  to  arise. 

Third,  as  tho  expression  of  the  probable  value  of  a  variable  quantity 
estimated  under  mean  conditions.  Most .  statistical  calculations  are  of  this 
natm-e,  and  being  liable  to  probable  error  from  different  factors  must  be 
corrected  or  subjected  to  corrections  against  probable  error. 

It  may  be  taken  as  the  expression  of  a  general  truth  that  the  less  the  differ- 
ence between  an  average  and  the  individual  figures  of  a  series  from  which  such 
average  so  obtained,  the  greater  the  value  of  the  average  in  that  it  approximates 
more  closely  to  the  truth. 

The  beat  method  of  arriving  at  tho  probable  error  in  cases  where 
a  series  of  facts  is  divided  into  two  sub-component  groups  is  by  Poisson's 
Ride  or  Formula,  which  may  be  thus  expressed  : 

Let  /I  bo  the  total  cases  in  the  series  ; 
,,  m  bo  tho  number  in  one  sub-component  group  ; 
„    n  bo  tho  number  in  tho  othor  sub-component  group. 
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The  proportion  of  each,  group  to  the  whole  series  will  be,  respectively, 
—  and  -  ;  hut  these  proportions  will  vary  within  certain  limits  in  suc- 

^      .      ^  .  •  •  1  •  u 

cceding  instances,  and  the  extent  of  the  variation  will  be  within  the 
proportions  represented  by  the  following  mathematical  expressions  : — 


m  /2. 

M     2V  ~ 


 ;  and 


m          /2.  m.  n 


Obviously,  the  larger  the  value  of  /x  the  less  will  be  the  value  of 
^'  ^'  ^,  and  consequently  the  less  will  be  the  limits  of  error  in 
the  simple  proportion  of  — ;  and  the  converse  is  true. 

Gavarret,!  quoted  by  Parkes,  takes  an  example  from  Louis'  work  on 
Typhoid  Fever,  in  which  Louis  tries  to  determine  the  effect  of  remedies  by 
adducing  the  mmiber  of  recoveries  and  deaths  in  a  series  of  cases  of  that  disease. 
The  series  comprised  140  cases,  with  52  deaths  and  88  recoveries,  and  the 
question  arose.  What  is  the  percentage  mortality,  and  how  near  is  it  to  the 
true  proportion  ?  The  percentage  mortality  in  that  series  was  37-143.  How 
near  is  this  percentage  to  the  truth  ? 

The  probable  error  is  worked  as  follows  : — 

Let  /A  =140  =the  total  number  of  cases. 
„  TO  =  88  =the  number  of  recoveries. 
,,  n=  52  =the  number  of  deaths. 


then.  V■^iS^=V.-S.=^^'■5S^=•"""^^=•"^*^" 

to  unity  ;  or  11,550  in  100,000  cases. 
The  mortality  being  37-143  per  cent,  in  that  series,  or  37,143  deatlis  in 
100,000  cases,  by  the  first  part  of  the  formula  it  may  either  be  3  /  -143  +  ^^••^0"  - 
48-693  per  cent.,  or  48,693  in  the  next  100,000  cases,  or  by  the  second  part  of  the 
formula,  37-143  - 11,550  =25-593  per  cent.,  or  25,593  m  the  next  100,000  cases  , 
in  other  words,  in  another  series  of  the  same  number-140-the  percentage 
mortality  will  range  from  nearly  49  per  cent,  to  nearly  26  per  cent.  The 
range  of  probable  error,  therefore,  is  very  great  from  such  a  small  number  o 
observations,  and  the  percentage  mortality  of  this  series  of  httle  or  no  value  m 
forecasting  the  mortality  of  the  next.  Newshohne  demonstrates  ^  by  this 
formula  the  statement  that  the  smaller  nmnber  of  data  from  which  a  calcxJation 
is  made  the  greater  the  probable  error.  He  puts  it  thus  :  If  «f  «f  ^^^«f  "J 
cholera  seven  recover,  how  near  is  this  to  the  true  average  rate  of  recovery  . 
What  wiU  be  the  possible  variation  in  100,000  cases  on  this  basis 

2a  /2x7x3  ^  ^  .40980  to  unity,  or  40,980  to  100,000  cases, 

'V  — 10  1000 
that  is  70  +40-98  =110-98  per  cent.,  or  110-98  in  100,000  cases,  which  is  absurd, 
that  13,  7"+*^^_4Q.9g ^29-02  per  cent.,  or  29,020  in  100,000  cases. 

If  the  number  of  cases  be  raised  to  100,  the  other  ratios  remaining  the  same, 
the  error  fJto  as  -13  is  to  ^mity ;  in  other  words,  in  100,000  cases,  the  recovery- 

1  Statistique  M&dicale,  1840,  p.  284. 
a  Op.  cit.,  1st  ed.,  p.  295- 
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rate  may  be  either  83,000  or  57,000.  Raising  the  number  of  cases  to  1000,  other 
things  equal,  the  error  furtlier  falls  to  as  -04  is  to  ruiity  ;  so  that  in  100,000  cases 
the  number  of  recoveries  may  be  either  74,000  or  66,000.  When  we  come  to  a 
million  cases,  the  error  sinks  into  insignificance,  being  only  as  -0013  is  to  unity  ; 
for  in  100,000  cases  the  number  of  recoveries  may  be  either  70,130  or  69,870, 
which  is  practically  tlie  truth. 


It  ought  to  be  remembered  that  the  percentage  expression  of  a 
result  from  a  series  of  accurately  observed  data  is  an  accurate  expres- 
sion of  the  truth  with  respect  to  that  series  only,  and  is  only  approx- 
imately near  the  truth  as  an  expression  of  the  result  in  the  next  or 
other  series  of  cases;  therefore,  for  purposes  of  comparison,  or  as  a 
forecast,  it  is  only  approximately  correct.  Statistical  fallacies  mostly 
arise  fi-om  trying  to  compare  incomparable  things,  and  from  imperfect 
constitution  of  groups.  As  an  example  of  the  former  may  be  taken 
the  common  fact  of  instituting  comparisons  of  the  healthiness  of  two 
districts  from  their  death-rates.  While,  although  every  care  may  be 
exercised  on  all  points  to  make  the  comparison  as  equal  as  it  can  be 
made  and  the  fallacy  may  not  be  serious,  it  nevertheless  still  exists. 
Another  fallacy  is  involved  in  the  comparison  of  the  number  of  deaths 
from  any  given  disease  in  two  difierent  years  of  a  population,  unless 
due  allowance  is  made  for  the  altered  incidence  of  population  in  the 
interval.  Further,  fallacy  is  often  involved  in  the  attempt  to  arrive 
at  the  mean  death-rate  of  a  county,  for  example,  by  taking  the  mean 
of  the  separate  rates  returned  for  difierent  districts.  Say,  for  example, 
that  the  death-rate  of  District  A,  with  a  population  of  15,000,  is  24 
per  1000  ;  that  of  District  B,  with  a  population  of  18,000,  22  per  1000  ; 
that  of  District  C,  with  a  population  of  22,000,  26  per  1000 ;  it  would 
be  incorrect  to  conclude  that  the  average  death-rate  was  24  -f-  22  +  26  -^ 
3  =  24  per  1000.  The  problem  of  ascertaining  the  true  average  is 
worked  out  as  follows  : — 

Population  of  A  =  15,000 
Population  of  B  =  18,000 
Population  of  C     =  22,000 

Total  population  =  55,000 


/15^       \     /18,000       \    /22,000    _\    /15    „A    /18    _\     /22  \ 

_3C0  +  396-F572     „,  _  .  , 
 =  24-8  =  average  death-rate. 

If  the  death-rates  for  Districts  A,  B,  C  had,  however,  been  24, 
12  and  26  respectively,  the  other  factors  remaining  the  same,  the 
death-rate  by  the  former  method  would  have  been  20-67,  whereas, 
properly  calculated,  it  would  have  worked  out  as  20 •48.  It  will  easily 
be  seen,  where  the  figures  in  the  problem  diverge  more  widely,  how 
much  greater  the  error  is  likely  to  be. 

There  are  certain  terms  used  in  statistics  the  meaning  of  which 
ought  to  be  clearly  comprehended. 

Mean  age  at  death  is  the  average  age  at  which  death  occurs  in  a 
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mixed  population,  and  is  the  figure  obtained  by  dividing  the  sum  of 
the  ages  of  persons  who  die  in  the  year  by  the  number  of  deaths. 

Sum  of  Ages  at  Death  p^^^,^ 
Number  of  Death 

Blean  Duration  of  Life,  or  Expectation  of  Life  at  Birth,  in  a  stationary 
population  means  exactly  the  same  thing  as  the  mean  age  at  death ; 
but  in  a  progressive  population  they  difier  considerably.  In  England 
and  Wales,  for  example,  in  1881-1890  the  mean  duration  of  life  for 
males  was  43-66  years,  whereas  the  mean  age  at  death  was  29  years. 
In  progressive  populations,  therefore,  the  mean  duration  of  life  is 
found  from  life  tables,  which  represent  the  life  progress  of  a  generation 
of  a  million  from  birth  to  death.  In  Farr's  Life  Table  No.  III.,  which 
was  based  upon  the  census  returns  of  1841  and  1851  and  upon  six 
million  odd  deaths  registered  from  1838-1854  inclusive,  the  mean  age 
at  death  is  40-9  years,  which  was  equivalent  to  the  mean  after-lifetime, 
and  the  population  in  the  table  became  reduced  to  one-half  in  45 
years,  which,  therefore,  was  the  probable  lifetime.  In  the  absence 
of  life  tables,  which,  however,  are  the  most  accurate  methods  of 
ascertaining  such  statistical  data  as  the  foregoing,  WiUicKs  formula 
for  ages  between  25  and  75  serves  the  purpose  approximately— viz. 


3^ 

a  =  age  of  individual. 


X  =  -  (80  —  a) ;  where  x  =  expectation  of  life  ; 


Thus  by  this  formula  the  expectation  of  life  of  a  person  aged  30 
would  be  : 


X  =  ?(80  -  30)  -  33-3  years. 
3 


Farr's  formula  may  also  be  used,  where  the  birth-  and  death-rates  of 
a  community  over  a  long  period  are  known — ^viz. 


3     dj     \3  bj 


where  d  -  death-rate,  and  b  =birth.-rate. 

If  the  average  death-rate  of  a  commimity  in  1891-1892  was  20  per  1000,  or 
•02  per  unit,  and  the  birth-rate  34  per  1000,  or  -034  per  unit,  what  would  be  the 
expectation  of  life  ? 

Reduced  to  terms  the  equation  is  as  follows : — 


dxl^i  +  l-x  -L]  =  33-3  +  9- 804  =  43- 104  j 
Vs    •027    \3  -034; 


ears. 


Brislowe's  formula  is  sometimes  used  for  the  same  purpose  in  an 
increasing  population — viz. 

_log.  b-log.  d  . 
^      log.  (1-fr) 

where  x  =  mean  duration  of  life;  &  =  birth-rate  per  unit  of  population; 
cZ  =  death -rate  per  unit  of  population;  and  r  =  6  -  d  =  mcrease  per 

unit  per  annum.  . 

There  are  certain  other  expressions  used  m  statistics  with  the  precise 
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meaning  of  which  the  student  ought  to  be  familiar,  such  as  Mean 
Age  at  Death,  Probable  Duration  of  Life,  Mean  Expectation  of  Life  at 
Birth,  Life  Capital,  and  Specific  Intensity  of  Life. 

Mean  Age  at  Death  is  arrived  at  by  dividing  the  sum  of  the  ages 
of  the  units  of  population  who  die  in  a  year  by  the  number  of  deaths, 
thus  : 

Mean  Age  at  Death  =  S^^^  of  Ages  of  Units  of  Population  at  Death 

Number  of  Deaths 

Probable  Duration  of  Life,  sometimes  called  the  Equation  of  Life,  is 
the  age  at  which  any  number  of  children  born  will  be  reduced  to  one- 
half  by  death.  It  is  found  by  a  life  table.  In  the  English  Life  Table 
for  1871-1880,  a  million  male  children  born  would  be  reduced  to  half-a- 
million  in  the  forty-eighth  year,  in  the  Life  Table  for  1881-1890,  not  until 
the  fifty-second  year,  and  in  the  Table  for  1891-1900  not  until  the 
fifty-third  year  of  life,  whereas  in  these  three  tables  respectively  the 
figures  for  a  million  female  children  born  were  the  fifty-third,  fifty- 
seventh  and  fifty-eighth  year  respectively. 

Mean  Expectation  of  Life,  or  Average  Lifetime,  at  Birth,  is  the 
number  of  years  after  birth  which  an  average  child  of  a  series  may  be 
expected  to  live.  These  figures  are  found  by  a  life  table.  In  the  three 
aforementioned  English  tables  the  expectation  at  birth  for  male  children 
was  found  to  be  44-62,  47-18,  and  47-77  years  respectively. 


Table  XXIV 
Expectation  of  Life  of  Males  at  Birth 

London  Life  Table  (London,  1891-1900)  =40-98  years. 

Brighton  Life  Table  (Brighton,  1881-1890)  =43-59  years. 
Glasgow  Life  Table  (Glasgow,  1881-1890)  =35-18  years. 

Manchester  Life  Table  (Manchester,  1881-1890)  =34-71  years. 
Haydock  (Lanes.)  (Haydock,  1891-1900)  =42-42  years. 

Life  Capital  is  a  term  intended  to  express  the  sum  of  the  products 
obtamed  by  multiplying  the  population  of  each  age-group  by  the  mean 
expectation  of  life  for  each  age-group. 

Specific  Intensity  of  Life  is  a  term  used  to  represent  the  product 
of  the  number  living  at  any  age  divided  by  the  number  of  dying  at  the 
same  age  ;  thus,  supposing  that  out  of  100,000  born  70,000  reach 
the  age  of  40,  and  that  of  those  8G0  die  during  that  year  of  age,  then 
70,000    Qi  ,  .        .  ^         ^  s  ' 

-ggQ  =  oi -4  =  specific  intensity. 


STATISTICAL  TESTS  BY  WHICH  THE  HEALTH  CON- 
DITIONS OF  A  COMMUNITY  MAY  BE  GAUGED 

The  following  are  probably  the  best  tests— viz. 

First.— The  Corrected  Death-Eate,  where  the  population  is  fairly 
large  and  not  liable  to  sudden  fluctuations  one  way  or  other,  and  in 
the  absence  of  unusual  epidoiiiics; 
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Second. — Tlie  Rate  of  Infantile  Mortality,  whicli  is  an  index  of  the 
conditions  of  life  of  cliildren,  or  of  occupations  of  the  mothers ; 

Third. — The  Zymotic  Death-Rate.  While  this  is  liable  to  fluctua- 
tions due  to  causes  somewhat  outside  the  control  of  a  sanitary  depart- 
ment, a  high  rate  may  be  taken  as  indicative  of  insanitary  conditions ; 

Pourth. — The  Respiratory  Diseases  Death-Rate  indicates  either  un- 
healthy climatic  conditions,  smoky  irritating  atmosphere,  or  unhealthy 
occupations  or  conditions  of  home-life,  or  some  of  these  combined ; 

Fifth. — The  Phthisis  Death-Rate  is  also  indicative  of  the  same 
general  conditions. 


CHAPTER  III 


METEOROLOGY 

A  WELL-ORDERED  annual  report  cannot  be  considered  complete  with- 
out furnishing  information  respecting  certain  meteorological  data.  Of 
these,  the  following  are  of  the  first  importance— viz. 

I.  Temperature ;  II.  Atmospheric  Humidity ;  III.  Rainfall  ; 
IV.  Barometric  Pressure.  To  each  of  these  some  brief  attention  must 
be  given. 

Temperature.~A  record  of  temperature  ought  to  be  taken  at  least 
mght  and  morning  at  different  stations,  as  well  as  a  record  of  the  mean 
and  extreme  temperatures.  Temperature  may  be  considered  in  re- 
lation to  Its  changes  in  space  and  in  time.  The  changes  or  differences 
of  temperature  m  space  bring  in  the  whole  question  of  climatology, 
while  those  m  time  deal  only  with  periodic  variations,  either  hourly, 
daily,  seasonally,  or  annually.  It  is  with  this  last  feature  that  the 
health  officer  has  chiefly  to  deal.  Extremes  of  temperature  are  simply 
indicated  by  the  highest  and  lowest  readings  of  the  thermometer  which 
may  occur  in  any  given  place  during  any  given  period  ;  thus  there  are 
diurnal  as  well  as  seasonal  extremes.  The  readings  of  such  tempera- 
tures are  recorded  by  thermometers  in  the  shade  as  well  as  by  those  in 
the  open.  Of  the  former  there  is  a  maximum  and  a  minimum  instru- 
ment, and  in  use  these  are  protected  from  radiation  by  a  louvred  screen, 
their  height  being  four  feet  from  the  ground-level. 

Maximum  Thermometer.— The  maximum  instrument  consists  of  a 
mercurial  column  the  index  of  which  is  formed  by  a  smaller  column 
of  mercury  separated  from  the  main  column  by  a  minute  bubble  of 
air,  by  the  expansion  of  which  the  index  is  pushed  forward  to  its  furthest 
point,  but  which  does  not  recede  when  the  air  contracts  ;  hence  the 
^^^^^  furthest  from  the  bulb  of  the  instrument  indicates 
the  highest  temperature  recorded  during  the  day  of  observation.  When 
setting  the  instrument  for  use  it  must  be  swung  briskly  with  the  bulb 
downwards,  so  as  to  cause  the  mercurial  index-column  to  recede  to  a 
low  reading.    When  set,  it  should  be  placed  in  a  horizontal  position. 

Minimum  Thermometer.— Thexo  are  two  kinds  in  use,  that  of  Casella, 
which  18  filled  with  mercury,  and  that  of  Rutherford,  with  spirit.  The 
former,  because  of  the  difficulty  experienced  in  its  manipulation,  is 
seldom  used.  In  the  latter  the  index  is  immersed  in  spirit.  When 
about  to  be  used,  the  index  is  permitted  to  run  down  to  the  end  of 
the  column  by  simply  sloping  the  instrument  with  the  bulb  upper- 
most; It  IS  then  placed  in  its  horizontal  position.  Should  the  tem- 
perature rise,  the  spirit  simply  flows  past  the  index  leaving  it  undisturbed, 
but  should  It  fall,  the  index  recedes  with  the  spirit,  and  so  records 
the  lowest  reading  within  the  time  for  which  it  has  been  set.  This 
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insti'ument  is  liable  to  the  serious  ohjcction  that  a  poi-tion  of  the  spirit 
may  evaporate  from  the  bulb  and  condense  in  the  upper  part  of  the 
column  of  the  instrument.  There  is,  however,  one  instrument  which 
records  at  the  same  time  both  the  maximum  and  the  minimum  tempera- 
ture. It  is  a  spirit  thermometer,  the  tube  of  which  is  bent  on  itself 
— parallel-wise — with  a  bulb  at  each  end,  one  bulb  being  larger  than  the 
other.  Each  bulb  is  filled  with  spirit,  but  the  smaller  one  contains 
also  a  bubble  of  air.  The  bend  of  the  tube  is  filled  with  mercury,  and 
the  registration  is  accomplished  by  two  indices  which  consist  of  steel 
pins  seated  in  glass  tubes,  having  hairs  attached  to  the  tubes  to  keep 
them  in  any  position  to  which  they  may  have  been  pushed  by  the 
mercury  column,  or  by  the  steel  magnet  employed  to  set  them.  To 
set  the  instrument,  the  steel  indices  by  means  of  the  small  magnet 
are  brought  down  to  rest  on  the  top  of  the  mercurial  column.  When 
the  temperature  rises,  expansion  takes  place  in  the  spirit  in  the  larger 
bulb  and  pushes  the  mercury  and  index  before  it,  which  latter  remains 
at  the  highest  or  furthest  point  attained.  When  the  temperature  falls, 
the  spirit  contracts,  and  the  pressure  of  the  bubble  of  air  in  the  smaller 
bulb  propels  the  mercurial  column  back  and  so  moves  the  minimum 
index  to  its  lowest  reading.  This  instrument  is  kept  in  a  vertical 
position.  .  . 

The  thermometers  used  in  the  open  are  also  a  maximum  and  mtm- 
mum ;  the  former  indicating  the  highest  temperature  in  the  sun,  the 
latter,  the  lowest.  The  former  has  a  blackened  bulb  in  vacuo  and  is 
placed  in  position  on  forked  sticks  about  four  feet  above  the  ground. 
The  minimum  instrument  possesses  a  clear  bulb. 

The  term  "  mean  temperature "  is  one  which  is  frequently  em- 
ployed in  connection  with  health-resorts,  and  in  meteorological  re- 
ports. If  hourly  thermometric  observations  are  made,  the  mean 
is  approximately  the  sum  of  the  twenty-four  readings  divided  by  that 
figure.  But  the  term  is  also  used  with  reference  to  months,  a  year,  or 
a  series  of  years.  While,  however,  the  mean  daily  temperature  may 
be  approximately  determined  as  described,  the  result  is  not  actually 
correct.  A  formula  has  been  constructed  by  Kaentz,  modified  by 
Lloyd,  to  arrive  at  the  correct  mean — viz. 

Min.  reading  +  (Max.  reading -Min.  reading)  x  co-eff.  a=Mean  Temperature. 
For  example  :  Max.  temp,  on  a  given  date  =54-2°  F., 
Min.      „      „     same    „     =41-4°  F., 
.-.    41-4-f{54-2-41-4x-41}  = 
41-4 +{12-8  X  •41}  = 

41-4  -f  5-25  =46-65°  =Mean  Temperature. 

The  mean  annual  temperature  of  any  given  place  is  practically 
of  little  value.  For  example,  the  mean  annual  temperature  of  Dublin 
is  49-3°  F.,  and  that  of  New  Haven  in  Connecticut,  49-- 
but  the  climates  of  these  two  places  are  very  different.  In  January,  the 
mean  temperature  of  Dublin  is  4()-6°  F.,  while  in  the  same  month  tliat 
of  New  Haven  is  26-6°  F.,  ;  in  July,  that  of  the  former  place  is  o9-  /  i< ., 
while  that  of  the  latter  is  71-6°  F.  The  difference,  ^^^J^l"," 
the  coldest  and  the  hottest  months  is  for  Dublin  only  19  1  i.,  while 
for  New  Haven  it  is  45°  F.    Again,  the  mean  annual  temperatm-e  oi  bt 
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Louis  is  53-96°  F.,  and  of  Algiers,  55-76°  F.,  but  the  summer  tempera- 
ture^ ot  tlie  former  place  is  74-84°  F.,  and  the  winter  temperature  is 
32-9°  F.,  while  the  temperatures  of  Algiers  for  these  respective  seasons 
are  73-94°  F.,  and  53-96°  F.  The  mean  annual  temperature  of  places, 
therefo^-e,  of  itself  gives  no  information  as  to  the  annual  range  of  tem- 
perature, except  where  the  places  are  situated  in  the  same  kind  of 
cUinate,  insular  or  continental. 

The  temperature  of  the  air  depends  upon  (1)  altitude,  (2)  latitude 
(3)  distance  from  the  sea,  (4)  temperature  of  the  sea,  and  (5)  exposure' 
Oi  these,  probably  the  two  most  important  are  altitude  and  latitude 
The  mean  temperature  falls  about  5-5°  C.  for  each  1000  metres  of  ascent, 
or  16  F.  per  mile.  In  the  northern  hemisphere  between  30°  and  70°  n' 
the  mean  temperature  decreases  only  0-75°  C,  or  1-35°  F.,  for  each 
increase  of  one  degree  of  latitude,  or,  in  other  words,  0-0068°  C  for 
every  kilometre,  or  0-0197°  F.,  for  every  mile  nearer  the  Pole. 

Mean  temperature  varies  greatly  from  day  to  day,  less  from  month 
to  month,  and  still  less  from  year  to  year.    The  rise  or  fall  of  temperature 
in  degrees  centigrade  for  every  100  metres  of  ascent  has  been  observed 
on  the  Eifiel  Tower  m  Paris  and  in  the  observatories  on  Ben  Nevis 
Taking  the  mean  of  twenty-four  hours,  in  the  case  of  the  former  it 
was  found  to  be  in  winter- 0-13°,  in  spring -0-15°,  in  summer -0-50° 
and  m  autumn -0-14°,  and  throughout  the  year -0-32°  C.  ;  in  the  case 
of  the  latter,  it  was  found  to  be  for  the  corresponding  periods  -  0-60° 
-0-72°,  -0-68°,  -0-63°,  and  -0-66°  C.  ' 

An  isotherm  is  a  line  denoting  equal  temperature.  An  isothermal 
map  IS  the  map  of  an  area  of  difiering  extent  which  shows  lines— these 
may  be  curved  lines— of  equality  of  temperature  over  a  given  period 
ot  time.  They  must  be  looked  upon  only  as  approximations  to  correct- 
ness regarding  the  superficial  distribution  of  temperature,  the  level 
in  all  obsei-vations  being  sea-level. 

To  find  the  actual  mean  temperature— monthly  or  annual— of  any 
place  crossed  by  an  isotherm,  subtract  the  height  of  the  place  in  metres 
by  150  or  200,  as  the  case  may  be,  from  the  value  of  the  isotherm  in 
degrees  centigrade,  or  the  height  in  feet  divided  by  270  or  365  from  the 
value  of  the  isotherm  in  degrees  Fahrenheit ;  by  i50  where  the  vertical 
gradient  averages  1°  C.  for  every  150  metres,  by  200  where  that  gradient 
averages  1  C.  for  every  200  metres,  and  by  270  or  365  respectively  where 
the  vertical  gradient  averages  1°  F.  for  every  270  or  365  feet  respectively 
ino  n  f  foTo  ""A'^  "^^^""^  ^'''S^^      between  the  isotherins 

v>    in-^  n     1^     •  '  ^°  ^'^^^  sea-level  temperature  is  indicated 

by  10-0  C,  then  its  actual  mean  temperature  is 

10-5°  C.  -  ^  =  9-25°  C. 

200  ' 

if  the  decrease  of  temperature  due  to  height  be  taken  as  1°  C  for  200 
metres ;  or,  if  the  height  of  the  place  be  820  feet  above  sea-level,  and 
If  It  lie  between  isotherms  50°  F.  and  55°  F.,  its  mean  sea-level  temper- 
ature bemg  mdicatcd  as  50-9°  F.,  and  if  the  decrease  of  temperature 
due  to  height  be  taken  as  1°  F.  for  270  feet,  then  its  actual  mean  tem- 
perature 13 

50-9°  F.  -  ^^^^  =  47-9°  F 
270 
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Isotherms  of  British  Islands. — ^These  have  been  based  on  the  mean 
temperature  of  400  meteorological  stations  redneed  to  a  forty-year 
period,  1856-1895. 

These  isotherms  have  been  found  to  follow  an  east-and-west  course, 
which  indicates  that  the  sun  is  the  chief  influence  which  determines 
the  annual  distribution  of  temperature.    If  a  line  be  drawn  from 
Southampton  northwards  through  the  central  districts  of  England, 
the  distances  between  each  isotherm  are  not  very  variable  in  extent. 
But  in  Scotland  there  is  a  greater  distance  than  the  average  between 
the  isotherms  of  48°  F.  and  47°  F.  (8-9°  C.  and  8-3°  C).    The  greatest 
differences  of  distance  between  the  isotherms  are  where  they  are  cut  by 
the  line  of  longitude  4°  W.    These  distances  from  Dorsetshire  to  Cromarty 
are  92,  155,  56,  58,  and  184  miles  respectively.    These  disturbances 
here  indicate  the  influence  of  the  ocean  in  addition  to  that  of  the  sun. 
The  prevailing  winds  in  the  British  Isles  being  west-south-westerly, 
the  influence  of  the  ocean  on  the  temperature  of  the  air  is  much  greater 
in  the  west  than  in  the  east.    The  mean  temperature  is  everywhere 
higher  on  the  west  than  on  the  east  coast.    The  temperature  of  the  sea 
on  the  west  coast  is  about  3°  F.,  or  1-7°  C,  higher  than  the  temperature 
of  the  air  of  the  west  coast,  and  that  of  the  sea  on  the  east  coast  1°  F., 
or  0-6°  C,  only  above  the  mean  air-temperature  of  the  east  coast.  The 
lowest  mean  temperature  in  the  British  Isles  is  31-2°  F.,  or  -0-4°  C, 
and  is  found  on  the  summit  of  Ben  Nevis,  and  the  highest  is  52-2°  F., 
or  11-2°  C,  in  the  Scilly  Isles  and  in  Truro,  Cornwall.  _ 

The  actual  mean  temperatures  of  some  of  the  chief  towns  are  as 
follow  : — 


London  =50-4°  F.  Edinburgh  =47-1°  F. 

Jersey  =51-9°  F.  Aberdeen  =46-4°  F. 

Plymoixth  =51-4°  F.  Inverness  =46-5°  F. 

Birmingham  =48-8°  F.  Stornoway  =46-2°  F. 

Liverpool  =49-8°  F.  Belfast       =48-5°  F. 

Douglas,  Isle  of  Man  =48-7°  F.  Dublin       =49-5°  F. 

Rothesay  =47-0°  F.  Cork  =49-3°  F. 

Glasgow  =47-5°  F.  Valentia     =51-2°  F. 

Of  great  importance  is  the  Amount  of  Sunshine.  This  is  recorded 
by  means  of  Campbell's  or  Jordan's  apparatus.  In  the  former  apparatus 
a  glass  sphere  focusses  the  pencil  of  rays  upon  a  sheet  of  paper  placed 
at  the  necessary  distance  on  a  convex  surface.  The  amount  and 
intensity  of  the  sun's  rays  are  recorded  by  the  amount  and  degree  of 
scorching  of  the  paper.  In  the  latter  apparatus  the  recorder  is  a  small, 
flat  circular  box  in  which  is  a  slit.  AVithin  the  box  is  sensitised  paper, 
as  used  in  photography.  The  sunshine,  passing  through  the  ^  slit, 
records  itself  upon  the  paper,  which  appears  on    developing  the 

^^^/soMs  are  lines  denoting  equal  durations  or  periods  of  bright 

^^^Tlirnumber  of  hours  of  bright  sunshine  increases  from  the  north 
to  the  south.  In  the  former  it  is  usually  less  than  one-third  of  the 
total  possible,  and  in  the  latter,  usually  over  one-half,  and  it  may  be 
even  i  much  as  two-thirds  of  the  possible  total.    Sunshine  also  increases 
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from  west  to  east.  In  the  Britisli  Isles  there  are  on  the  average  1200 
hours  (27  per  cent.)  of  bright  sunshine  in  the  north,  and  1600  hours 
(36  per  cent.)  in  the  south.  In  Central  Germany  it  amounts  to  1700 
hours  (38  per  cent.) ;  in  Austria,  1800  to  2000  hours  (40  to  45  per  cent.); 
in  Italy,  2000  to  2400  hours  (45  to  54  per  cent.)  ;  and  in  the  interior 
of  Spain,  2900  to  3000  hours  (66  to  68  per  cent.).  May  is  the  sunniest 
month  in  the  north-west,  and  December  is  the  dullest. 

Isonephs  are  lines  denoting  equal  cloudiness.  The  mode  of  estimat- 
ing cloudiness  is  by  noting  the  percentage  amount  of  sky,  or  tenths  of 
sky,  covered  by  cloud,  within  the  area  of  the  observer.  Scales  of  known 
significance  are  employed.  Generally  speaking,  there  is  a  tendency 
at  aU  seasons  for  clouds  to  be  distributed  in  bands  parallel  to  the  equator. 
Other  things  being  equal,  more  clouds  are  found  over  oceans  than  over 
continents,  in  elevated  regions  than  in  low  regions,  and  where  a  wind 
passes  from  a  warmer  to  a  colder  region  than  in  the  opposite  way. 
Cooling  of  a  wind  laden  with  watery  vapour  produces  condensation  of 
the  invisible  vapour  into  visible  form.  In  spring,  speaking  generally, 
the  sky  is  clearest,  as  the  pressure  maximum  is  still  over  the  continents, 
and  also  because  there  is  relatively  little  aqueous  vapour  in  the  air 
at  the  end  of  winter  when  the  temperature  begins  to  rise.  Autumn 
is  the  cloudiest  season  because  the  cooled  air  is  no  longer  able  to  hold 
so  much  aqueous  vapour  as  it  could  in  the  warmer  summer,  and,  besides, 
the  water  of  the  ocean  is  still  at  a  high  temperature,  and  evaporation 
from  its  surface  is  still  relatively  large  in  amount. 

II.  Atmospheric  Humidity. — There  is  always  present  in  the  at- 
mosphere a  certain  amount  of  moisture  in  the  form  of  gas,  or  aqueous 
vapour  as  it  is  termed,  which  is  obtained  by  evaporation.  Evapora- 
tion is  diminished  or  increased  by  the  lowering  or  raising  of  the  tempera- 
ture, and  is  limited  by  any  confinement  of  the  space  into  which  the 
aqueous  vapour  is  passed.    The  presence  of  aqueous  vapour  over 
the  surface  of  a  vessel  of  water,  for  example,  hinders  evaporation — 
that  is  to  say,  the  greater  or  lesser  quantity  of  aqueous  vapour  already 
contained  in  the  atmosphere,  the  smaller  or  greater  will  be  the  amount 
of  evaporation,  and  the  nearer  the  point  of  saturation  the  atmosphere 
is  the  less  will  be  the  evaporation.    During  evaporation  of  water 
to  the  gaseous  state  heat  is  being  constantly  communicated  to  the 
vapour  passing  off ;   when  this  heat  is  withdrawn  from  the  vapour 
it  condenses  back  into  the  condition  of  water.    The  chief  action  of 
watery  vapour  in  the  atmosphere  is  to  modify  the  action  of  the  sun's 
heat  upon  the  earth,  and  also  the  radiation  of  heat  from  the  earth. 
The  "  point  of  saturation  "  of  air  is  that  point  at  which  the  air  at  any 
given  temperature  cannot  hold  any  more  aqueous  vapour  in  the  gaseous 
form.    As  is  the  temperature  of  the  air  at  any  given  time,  so  is  the 
total  possible  amount  of  vapour  which  it  can  sustain.    Most  usually, 
however,  the  air  only  holds  some  proportion  of  this  total  amount. 
Most  comfort  is  experienced  when  the  atmosphere  contains  70  to  80 
per  cent,  of  the  possible  total  amount  it  can  hold  at  that  temperature 
When  the  temperature  of  the  atmosphere  at  saturation-point  falls, 
the  air  ceases  to  be  able  to  sustain  the  quantity  of  vapour  it  formerly 
held,  and  part  of  it  is  condensed  in  the  form  of  water,  or  dew,  hence 
this  point  is  called  the  dew-point.    The  temperature  of  tlie  dew-point 
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will,  therefore,  vary  with  the  temperature  of  the  atmosphere.  The  term 
"  absolute  "  humidity  is  intended  to  express  the  actual  amount  of  watery- 
vapour  which  the  atmosphere  can  hold  at  a  given  temperature — that  is, 
while  in  a  state  of  saturation ;  the  term  "  relative  "  humidity,  that 
proportion  of  the  total  possible  amount  of  aqueous  vapour  which  the 
atmosphere  at  a  given  temperature  actually  holds.  The  latter  is  usually 
expressed  as  a  percentage  quantity  or  fraction  of  saturation.  The  term 
"  tension  of  aqueous  vapour^'  means  the  measure  of  the  elastic  force 
exercised  by  the  aqueous  vapour  in  the  atmosphere,  expressed  in  terms 
of  an  inch  of  mercury. 

Starkey,  of  McGill  University,  has  drawn  attention  to  the  harmful  ^ 
effects  of  deficiency  of  the  atmospheric  humidity  in  occupied  rooms  in 
Canada  during  the  winter  months.  From  examinations  of  the  air 
of  rooms  made  by  him  he  found  that  the  average  relative  humidity 
of  rooms  with  the  windows  closed  was  lower  than  when  the  windows 
were  opened,  and  even  then  much  lower  than  the  relative  humidity 
of  the  open  air ;  for  example,  in  January,  the  room'  temperature  being 
66°  F.,  and  the  relative  humidity  of  the  outside  air  being  78-1  per  cent., 
the  relative  humidity  of  the  room  with  the  windows  closed  was  only  41 
per  cent.,  and  with  the  windows  open  57  per  cent.  This  must  be  due, 
doubtless,  to  the  furnace  method  of  heating  rooms  which  obtains  in 
Canada.  The  efiect  produced  upon  the  occupants  is  irritation  and 
congestion  of  the  respiratory  mucous  membranes,  sometimes  more 
marked  in  frontal  sinuses,  sometimes  in  Eustachian  tubes,  and  some- 
times in  the  form  of  chronic  hypersemia  of  the  nasal  mucous  membrane 
or  of  bronchial  mucous  membrane. 

The  same  deficient  percentage  of  humidity  has  been  said  by  one 
or  two  observers  to  exist,  especially  in  the  winter  months,  in  the  air 
supplied  by  the  plenum  system.  It  has  to  be  borne  in  mind  that  the 
entering  air,  at  a  comparatively  low  temperature,  perhaps,  as  it  passes 
the  washing- screen,  holding  as  it  then  does  a  certain  relative  humidity, 
is  then  warmed  by  being  passed  over  the  steam  coils  to  a  higher  tem- 
perature— many  degrees,  perhaps,  above  that  at  entrance;  hence 
the  percentage  amount  of  relative  humidity  which  would  be  com- 
fortable in  air  at  the  lower  temperature  ceases  to  be  so  because  of  the 
reduction  of  humidity  in  the  warming  process.  Further  observations 
are  needed,  however,  to  determine  how  frequently  such  may  happen. 

Hygrometry  is  the  mode  of  determining  the  amount  of  aqueous 
vapour,  or  moisture,  present  in  the  atmosphere,  the  instruments  used 
being  called  hygrometers.  From  the  results  recorded  by  these,  relative 
humidity,  dew-point,  and  tension  of  aqueous  vapour  are  determined. 
Hygrometers  are  of  two  kinds — viz.  direct,  and  indirect.  The  instru- 
ments of  Daniell,  Keynault,  and  Dine  belong  to  the  former  class,  while 
the  pyschrometer  or  wet-and-dry  bulb  thermometer,  and  Saussure's 
or  the  hair  hygrometer  belong  to  the  second. 

Direct  Hygrometers. — In  the  three  first-named  instruments  the 
temperature  at  which  dew  deposits  is  brought  about  by  cooling ;  in 
Daniell's  instrument,  by  the  coohng  produced  by  evaporation  of  ether 
from  an  outside  muslin  coating  which  covers  the  clear  bulb  O  in  Re- 
gnault's  by  the  passage  of  a  current  of  air  which  is  a-spirated  through 
*  Montreal  Med,  Jour.,  March  l^O(S. 
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tlie  ether,  and  in  Dine's  by  the  use  of  very  cold  water,  or  iced  water. 
The  points  to  be  noticed  arc'these — viz. 

1.  The  temperature  at  which  dew  deposits  on  the  opaque  bulb,  or 

glass-plate ; 

2.  The  temperature  at  which  it  disappears  ; 

3.  If  the  mean  of  these  two  observations  be  taken,  that  is  the 

"  dew-point  "  temperature  ; 

4.  Take  the  "tension"  corresponding  to  the  temperature  of  dew- 

point  (obtained  from  a  table  of  tensions),  divide  it  by  the  tension 
corresponding  to  the  temperature  of  the  air  at  the  time,  and 
the  result  will  be  the  hygrometric  state  of  the  atmosphere  in 
terms  of  relative  humidity. 
The  objections  to  Daniell's  instrument  are :    [a)  liability  to  in- 
correct reading  of  immersed  thermometer ;  (&)  compulsory  proximity 
of  observer  afiecting  temperature  recorded  by  attached  thermometer. 
Regnault's  instrument  is  very  efficient.    Dine's  is  simpler  than  the 
other,  and  is  also  very  efficient. 

Indirect  Hygrometers. — The  wet-and-dry  bulb  thermometer  is  the 
instrument  now  most  commonly  used.  It  consists  of  two  thermometers, 
the  bulb  of  one  of  which  is  coated  with  muslin  to  which  is  attached 
a  small  bundle  of  wick  threads,  both  of  which  are  kept  moistened  by 
capillary  action,  the  ends  of  the  threads  being  caused  to  dip  into  a  small 
vessel  of  water.  The  principle  of  the  instrument  is,  that  so  long  as 
the  atmosphere  is  not  saturated  evaporation  will  take  place  from  a 
damp  surface,  and  the  amount  of  evaporation  will  be  indicated  by  the 
lower  reading  of  the  wet-bulb  instrument.  If  the  air  be  saturated  no 
evaporation  will  take  place,  and  accordingly  the  readings  of  both 
instruments  wUl  be  identical.  A  sling  psychrometer  or  whirling 
hygrometer  is  a  variation  of  the  stationary  instrument.  The  two 
thermometers  are  fixed  on  a  strip  of  metal  which  is  so  united  to 
a  handle  that  by  quickly  turning  the  handle  the  thermometers  are 
whirled  through  the  air.  The  bulb  of  the  wet-bulb  thermometer  is 
covered  by  wick,  which,  before  use,  is  dipped  into  distilled  water  at 
a  temperature  corresponding  to  that  of  the  air  of  the  apartment  to  be 
tested. 

In  the  absence  of  a  table  of  tensions  of  aqueous  vapour  the  tension 
may  be  found  by  Apjohn's  formula  from  the  readings  of  the  above 
instrument. 

T.ot  /=tonsion  of  vapour  at  dow-point  temperature,  which  is  to  bo 
found  ; 

/'  =tension  of  vapour  at  temp,  of  evaporation  as  recorded  by  wet- 
bulb  instrument  ; 
a  =.spocific  heat  of  air  ; 
c  =hitont  heat  of  aqueous  vapour  ; 
{l-t'),  or  cZ  =difforenco  in  temperature-readings  between  dry-  and  wet-bulb 
instruments  ; 
p  =pressuro  indicated  by  barometer,  in  inches  : 

Then/  =  r-^^"  ^'-''^xP^d:-, 
c  30 

or,  with  the  coefficient : 

/  =  /'--0ll47  «-«')x^'. 
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The  Greenwich  modification  of  the  formula  is  as  follows,  where  7t=height 
of  barometer  : — 

/  =  /'-  —  X  ^  =  for  temperatures  above  32°  F., 
88  30 

or  f  =  J'  ~£x  —  =  „  „  below  32°  F. 

96  30 

Example. — Find  the  vapour  tension  where  the  temp,  of  the  dry  bulb  is 
65°  F.,  that  of  the  wot  bulb  61°  F.,  the  tension  of  the  air  at  65°  F.  being 
•617  inches  of  mercury,  and  of  the  wet  bulb  at  61°  F.,  -537  inches. 

/=/'-- 
88 

/=.537-^^^ 
'  88 

/=  •537-  — 

88 

/=  -537-  •045 

/  =  ^49145  =  tension  of  vapour  at  dew-point. 

Relative  humidity 

■617  =  tension  of  vapour  of  air  at  65°  F., 
.•.  -49145  ^  -617  =  79  per  cent. 
Tlie  dew-point  may  also  be  calculated  by  the  aid  of  Glaisher's  tables,  thus  : 
From  the  temp,  of  the  di-y-bulb  instrument  subtract  the  reading  of  the  wet- 
bvilb  ;  multiply  the  difference  by  the  factor  corresponding  to  the  drj^-bulb 
temperature,  and  subtract  the  product  from  the  dry-bulb  temperature  ;  the 
result  is  dew-point. 

Example  :  The  dry-bulb  temperature  =53°  F., 

The  wet-bulb          „  =49°  F., 

Then  53-49  x  2-00  (factor  corresponding  to  53°  F.)  =8. 
53-8=45°  F.  =the  dew-point  temperatm-e. 

Saussure's  hygrometer  is  based  on  the  fact  that  a  hair  becomes 
longer  or  shorter  as  the  air  is  damp  or  dry.  In  this  instrument,  a 
human  hair,  which  has  never  been  oiled  or  handled  roughly,  is  used, 
One  end  of  the  hair  is  fixed  in  the  instrument,  the  other  being  kept 
stretched  by  a  light  weight  attached  to  it,  which  weight  is  attached  to 
a  connecting  cord  pressing  round  the  sheaf  of  a  block,  to  which  is 
fixed  an  arm  or  index  moving  in  a  graduated  arc.  As  the  hair  shortens 
or  lengthens,  the  index  moves  and  records  the  difierence  in  vapour 
present  in  the  atmosphere. 

III.  The  Rainfall.— The  amount  of  rainfall  is  of  importance  in 
relation  to  the  maintenance  of  water-supplies.  In  the  term  rainfall 
is  included  all  moisture  which  falls  in  particulate  drops,  either  as  a 
liquid  or  solid,  as  rain,  snow,  or  hail.  The  amount  is  estiniated  by 
rain-gauges,  of  which  Howard's,  Glaisher's,  the  Snowdon,  and  others 
are  the  principal.  Howard's  instrument  is  the  simplest,  and  consists 
of  (a)  a  funnel ;  (6)  a  receiver ;  and  (c)  a  graduated  measuring-glass. 
Glaisher's  differs  only  in  that  the. receiver  is  made  of  copper,  and  the 
delivery-tube  of  the  funnel  is  bent  in  the  form  of  a  curve,  in  order  to 
prevent  evaporation.  The  Snowdon  gauge  consists  of  a  funnel  with 
straight  stem  enclosed  in  a  cylinder — for  better  snow-collection — 
having  a  diameter  of  eight  inches.  The  position  of  the  gauge  is  of 
importance,  in  order  that  the  true  fall  be  estimated.  It  must  be  put 
at  a  height — from  brim  to  ground-level — of  not  less  than  one  foot ;  it 
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must  be  firmly  fixed,  and  its  brim  perfectly  level ;  evaporation  should 
be  prevented  so  far  as  possible  ;  and  it  mixst  be  placed  in  a  perfectly 
open  position,  so  that  the  rainfall  will  not  be  inflvienced  by  sheltering 
objects,  as  trees,  walls,  shrubs,  etc.  The  amount  of  water  in  the  receiver 
should  be  measured  at  the  same  hour — preferably  9  a.m. — and  the 
result  expressed  in  inches  and  decimals  of  an  inch.  Snow  and  hail 
should  be  melted  first  before  measurement.  The  factors  to  be  known 
in  the  estimation  are  :  (1)  the  area  of  receiving-surface  of  the  gauge,  which 
being  circular  is  the  square  of  the  diameter  +  -7854  ;  and  (2)  amount  of 
water  in  the  receiver,  measured  in  a  graduated  glass.  The  amount  of 
rainfall  has  a  certain  close  relation  to  the  prevailing  winds.  In  these 
islands,  the  greatest  rainfall  obtains  with  the  westerly  and  south- 
westerly winds,  which  crossing  the  Atlantic  charged  with  moisture 
tend  to  deposit  it  as  rain  on  the  western  sea-board.  For  this  reason, 
highest  rainfalls  are  recorded  on  the  west  and  south-west,  and  the 
lowest  on  the  east  coasts.  The  presence  of  elevated  land  affects  the 
incidence  of  the  rainfall.  When  a  current  of  air  charged  with  moisture 
comes  in  contact  with  mountain  or  hill  tops,  condensation  occurs, 
and  the  rain  falls.  It  is  by  reason  of  the  more  mountainous  character 
of  the  western  sea-board,  as  one  cause,  that  higher  rainfalls  prevail 
there  than  upon  the  eastern  shores.  The  average  annual  rainfall  of 
the  western  coast  of  Scotland  or  Ireland  amounts  to  60  or  80  inches, 
while  on  the  eastern  it  only  reaches  from  20  to  35  inches.  We  have 
computed  the  total  rainfall  in  the  British  Islands,  with  a  total  acreage 
of  76,650,219,  and  an  average  fall  of  thirty  inches  per  annum,  to  amount 
to  232,000,000,000  tons  of  water ;  but  a  very  large  proportion  of  this 
finds  its  way  back  to  the  sea  by  the  rivers,  and  to  the  atmosphere  by 
surface  evaporation.  Taken  as  a  whole,  it  is  calculated  that  one- 
third  or  one-quarter  of  the  total  rainfall  flows  off  the  surface  upon  which 
it  falls,  and  that  the  remainder  is  partly  absorbed  into  the  soil,  and 
partly  given  back  to  the  atmosphere  by  evaporation. 
Isohyets  are  lines  denoting  equal  rainfall. 

Much  information  has  been  collected  regarding  the  distribution 
of  the  rainfall  in  the  British  Isles. ^  In  the  paper  under  the  former 
reference  a  period  of  twenty-five  years'  (1866-1890)  observations  was 
the  basis  of  the  conclusions  which  were  set  down  in  colours  on  thirteen 
maps.  Twelve  of  these  give  the  average  rainfall  in  Scotland,  each  for 
one  month  of  the  year,  and  the  remaining  map  the  average  rainfall 
over  the  whole  year  for  the  period  of  years  covered  by  the  inquiry. 
In  the  last-named  it  is  shown  that  the  district  of  least  rainfall  per  annum 
is  along  the  southern  shores  of  the  Moray  Firth,  where  it  is  30  inches  or 
less.  This  district  includes  the  whole  of  the  county  of  Nairn  and  a 
good  part  of  Elgin  county.  Glasgow  falls  within  the  30  to  40  inch  annual 
fall.  Wigtownshire,  including  nearly  all  Dumfriesshire  and  most 
of  Ayrshire  and  Renfrewshire,  experiences  an  average  annual  fall  of 
between  40  and  60  inches.  Greenock  has  an  average  fall  of  64  inches. 
Western  Perthshire,  a  large  part  of  Inverness-shire,  a  part  of  Ross-shire 
and  parts  of  Skye  have  between  60  and  80  inches.  Fort  Augustus,  108 
inches,  Ardlui,  at  the  head  of  Loch  Lomond,  115  inches,  Glencoe, 
128  inches,  and  Ben  Nevis,  144  inches  per  annum.  The  lowest  average 
1  Mill.  Jour.  Scot.  Meleorolo^.  Society,  Rainfall  of  1908. 
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rainfall  during  this  period  was  at  Hpurnliead  in  England,  with  21 '2 
inches,  Nairn  in  Scotland  being  23'33.  The  liighest  average  annual 
rainfall  is  not  experienced  in  Scotland,  but  in  England.  At  Styehead, 
in  Cumberland,  during  that  period  it  was  185  inches.  The  heaviest 
rainfall  on  record  during  a  single  day  occurred  at  Seathwaite  in  Cumber- 
land in  1897,  when  it  amounted  to  8'03  inches.  The  rainfall  of  London 
is,  on  the  whole,  low.  Camberwell  and  Hampstead  show  a  fall  of  about 
27  inches,  Streatham  and  Wimbledon  and  Deptford,  between  24  and 
26  inches  ;  while  Westminster,  Battersea  and  Finsbury  show  the  lowest 
for  London.  The  south-western  and  north-western  counties  of  England 
compare  with  similar  counties  of  Scotland,  and  Wales  generally  is  on  a 
like  scale,  although  in  Carnarvon,  Merioneth,  and  Brecon  the  fall 
reaches  over  100  inches  per  annum. 

IV.  Atmospheric  Pressure. — Gaseous  bodies  have  certain  common 
properties  with  liquids.     They  possess  weight,  and  they  transmit 

  pressures     equally  in 

every  direction.  A  litre 
of  air  at  32°  F.,  at  a 
pressure  of  one  atmos- 
phere weighs  1'293 
grammes  ;  water  in  like 
conditions  weighs  1000 
grammes;  therefore, 
1000  1-293  =  773  ;  in 
other  words,  air  is  773 
times  lighter  than  water. 
The  atmosphere  is  a 
gaseous  mantle  which 
envelops  the  earth,  and 
has  been  estimated  to 
attain  a  height  above  the 
earth  of  from  50  to  212 
miles.  It  exerts,  at  the 
same  level,  pressure 
equally  and  in  every 
direction  upon  every 
object,  animate  and  in- 
animate. But  on  account 
of  the  compressibility  of 
gaseous  bodies,  the  lower 
levels  of  a  high  column 
are  denser  than  the 
higher ;  but  even  in 
these,  the  pressure  is 
equal  and  constant  at 
the  same  time  and  at  the 
same  level.  Whenever 
inequality  of  pressure 
occurs  at  any  two  or  more  adjacent  points  of  the  atmosphere  move- 
ment of  air  is  at  once  set  up.  Torricelli's  experiment  proved  this 
law  :  that  the  pressure  of  the  atmosphere  at  the  earth's  surface  on 


Fif:.  3.-  Tlii^  li^'iuf.s  OH  tlm  rifjlit  of  tlio  (liaRram  sliow  the 
readings  of  tho  baronictcr  in  iiiclius  corresponding  to 
those  on  the  left  of  height  in  miles. 


METEOROLOGY 


93 


the  sea-level  is  equal  to  the.  weight  of  a  column  of  mercury  of  a  height 
of  30  inches.  If  the  same  exiDcriment  be  performed  with  water, 
the  column  _  would  reach  30  feet  in  height,  since  the  density 
of  mercury  is  13-59  times  greater  than  that  of  water ;  and  if  with 
glycerine,  the  column  would  be  27  feet  high,  since  the  density  of  glycerine 
is  1-26  times  greater  than  water.  Variations  of  pressure  are  much 
more  easily  read  in  a  glycerine  barometer,  because  of  the  greater  range 
of  the  movement  of  the  fluid  ;  for  example,  the  pressure  which  would 
raise  or  depress  the  mercurial  column  1  inch  would  raise  or  lower 
the  other  10-7  inches.  Such  an  instrument  is  in  use  in  The  Times  office, 
London. 

The  pressure  of  the  atmosphere  in  this  country  is  generally  cal- 
culated as  upon  a  square  inch  of  surface— that  is  to  say,  it  is  the  weight 
of  a  column  of  mercury  whose  base  is  a  square  inch  and  whose  height 
is  30  inches  ;  in  other  words,  the  weight  of  30  inches  of  mercury. 
Accurately  weighed,  this  amounts  to  14-73  pounds,  usually  reckoned 
as  15  pounds.  Owing  to  the  laws  of  gases,  the  higher  levels  of  the 
atmosphere  sustain  a  less  pressure  than  the  lower,  consequently  the 
column  of  mercury  becomes  lower  in  height  as  ascent  is  made  into 
the  higher  reaches.  Hence  at  an  altitude  of  12,000  feet  above  sea- 
level  the  pressure  is  only  one-half  of  that  at  sea-level.  In  Great  Britain 
the  mercury  falls  one-tenth  of  an  inch  for  every  ninety  feet  ascended. 
From  the  Torricellian  tube  was  constructed  the  instrument  to  which 
Boyle  gave  the  name  of  barometer.  British  barometers  are  graduated 
m  divisions  of  i^ths,  tenths,  half -inch,  and  one-inch  divisions;  the 
last  two  divisional  lines  being  bolder  than  the  rest. 

Reading  the  Barometer. — For  the  more  accixrate  observation  of  the  height  of 
the  mercury,  and  since  the  exact  level  may  be  between  the  hundi-edths  of 
an  inch,  most  modern  instruments  have  attached  to  them  a  graduated  sHding 
arm  which  is  called  the  "  vernier."  It  is  so  graduated  that  twenty -five  of  its 
divisions  are  equal  to  twenty-four  of  the  main  scale,  hence  each  division  of  it 
IS  only  |±  of  the  length  of  the  division  of  the  main  scale.  The  divisions  on  the 
barometer  being  of  an  inch,  the  vernier  will,  therefore,  enable  a  reading  to 
be  made  of  of  or  -^-^  of  an  inch.  To  use  the  vernier,  its  lowest  marlv  is 
accurately  placed  on  a  line  level  with  the  top  of  the  mercin-y.  Tliis  adjustment 
may  or  may  not  be  exactly  level  with  a  line  on  the  main  scale  ;  if  level,  the 
vernier  is  not  needed,  as  the  reading  from  the  main  scale  will  be  accm-ate  and 
sufficient.  If  not,  however,  the  eye  should  be  vxm  up  the  line  of  junction  of  the 
vernier  and  main  scales  until  a  point  is  reached  where  a  line  of  the  vernier  is 
exactly  level  with  a  line  of  the  main  scale.  Suppose,  for  example,  that  the 
merciu-y  .stands  above  29-65  but  below  29-70,  and  that  the  point  at  which  the 
two  lines  of  vernier  and  main  scale  correspond  is  at  sixteen  divisions  of  the 
vernier  scale  coimting  from  below  upwards,  then  the  reading  of  the  instrmnent 
will  be  as  follows— viz.  29-65  +(16  x  -002)  =29-682  inches.  If  gi-eater  accuracy 
even  than  this  be  desired,  the  catlaetometer,  which  is  employed  in  the  lughest 
scientific  work,  may  be  used. 

The  Calhelomeler  is  an  instrument  which  consists  practically  of  a 
telescope  set  in  levelling  screws,  with  an  adjoining  spirit-level,  and  has 
a  vertical  scale  usually  divided  into  halt-iui'lliinotres.  In  the  telescope 
part,  and  in  the  focus  of  the  eye-piece,  arc  set  two  very  fine  lines. 
By  means  of  adjusting  apparatus,  the  telescope  is  moved  over  the  scale 
so  that  the  exact  level  of  the  mercury  in  the  barometer,  as  ascertained 
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by  the  lines,  may  be  read.  Each  mercurial  barometer  has  an  attached 
mercurial  thermometer,  for  noting  the  temperature  at  the  time  of  the 
observation. 

Mercurial  barometers  are  of  different  kinds — viz. 


The  Standard,  Kew  or  Fortin's  barometer ; 
The  Siphon  barometer ; 
The  Wheel  barometer ; 


1. 
2. 
3. 

4.  Adie's  barometer. 
1. 


In  the  Standard  or  Fortin  instrument,  the  cistern  is  formed  of  a 
tube  of  boxwood  surmounted  by  a  glass  tube  and  closed  below  by  a 
piece  of  leather,  which  can  be  raised  or  lowered  by  a  screw.  The 
starting-point  of  the  scale  is  formed  by  a  pin  of  ivory  which  is  so 
adjusted  by  the  screw  operating  on  the  leather  bottom  of  the 
cistern  that  its  point  just  touches  the  level  of  the  mercury 
in  the  cistern  called  the  fiducial  point.  The  only  possible 
errors  in  this  instrument  are  (a)  from  capillary  depression 
of  mercury  in  the  tube,  and  [b)  from  the  temperature  or  read- 
ings of  the  thermometer.  Adie's  instrument,  known  also  as  the 
Kew  or  Marine  barometer,  is  a  modification  of  the  foregoing 
instrument,  and  like  it  only  requires  one  reading.  The  scale 
is  marked  on  the  instrument,  but  instead  of  the  inches  being 
marked  uniformly  true,  they  are  shortened  from  above 
downwards,  in  proportion  to  the  relative  sizes  of  diameter 
of  tube  and  cistern,  but  the  highest  point  of  the  scale  is 
correctly  marked  from  a  definite  point  which  is  marked  on 
the  side  of  the  cistern.  In  the  Marine  form,  the  only  dif- 
ference is  that  the  tube  is  contracted  at  some  part  of  its 
length  to  prevent  oscillatory  movement  due  to  motion  of 
the  ship. 

2.  The  Siphon  barometer  is  of  quite  difierent  construc- 
tion. It  has  no  cistern  whatever,  but  a  U-shaped  tube  is  sub- 
stituted in  its  place.  The  U  consists  of  along  leg  and  a 
short  one,  the  former  being  closed,  the  latter  open.  As  the 
mercury  rises  in  the  long  limb,  it  necessarily  falls  in  the 
short  one ;  as  a  consequence,  a  reading  must  be  taken  from 
each  side.  No  capillary  correction  is  required  for  this  in- 
strument, and  it  is  probably  the  best  mercurial  instrument 
for  mountain  ascents. 

3.  The  Whed  Barotneter—This  is  practically  a  modifica- 
tion of  the  siphon  instrument,  in  respect  that  a  float  placed 
in  the  open  short  limb  rises  or  falls  as  does  the  column  of 
mercury,  which  float,  by  means  of  a  string  and  block,  trans- 
fers motion  to  a  lever  acting  like  the  hand  of  a  clock,  and 
is  magnified  on  a  dial,  which  is  prepared  from  observations. 
This  instrument  has  also  been  used  to  record  automatically 

by  suitable  mechanical  arrangements  the  rise  and  fall  of  the  mercury, 
and  is  then  called  a  barograph. 

In  addition  to  mercurial  barometers,  there  are  other  instruments 
for  measuring  the  atmospheric  pressure — viz. 

(a)  The  Sympiesometcr ; 

(6)  The  Aneroid  Barometer. 
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The  Sympiesometer  (or  a  measurer  of  compression),  known  as  Adie's 
instrument,  consists  of  a  glass  tube,  18  inches  in  length  and  f  of  an 
inch  in  diameter,  which  has  a  small  chamber  at  the  top  and  an 
open  cistern  below.  This  upper  chamber  and  upper  part  of  the  tube 
contain  air,  and  the  remainder  of  tube  and  the  cistern  are  filled  with 
glycerine.  As  the  atmospheric  pressure  increases,  the  air  in  the  upper 
pai-t  of  the  instrument  is  compressed  and  the  glycerine  rises ;  should 
the  pressure  on  the  other  hand  diminish,  the  air  expands  and  the 
glycerine-level  falls.  It  is  graduated  by  comparison  with  a  mercurial 
barometer,  but  owing  to  the  respective  different  densities  of  mercury 
and  glycerine  the  intervals  corresponding  to  inches  in  the  one  become 
much  greater  in  the  other  and  are  of  unequal  length,  being  shorter 
as  the  tube  is  ascended.  To  the  instrument  are  added  a  thermometer 
and  a  sliding  scale  which  can  be  adjusted  for  the  temperature  found 
at  each  observation.    It  is  a  very  sensitive  instrument. 

The  Aneroid  Barometer. — This  instrument  is  extensively  used  by 
reason  of  its  compact  form  and  portability,  and  depends  for  its  action 
upon  the  changes  in  form 
which  a  thin  metallic  box,  in 
a  condition  of  partial  vacuum, 
experiences  on  differing  de- 
grees of  pressure.  The  greater 
the  pressure  of  the  atmosphere 
the  greater  the  compression  of 
the  metallic  box ;  when  the 
pressure  becomes  less,  the  box 
is  replaced  to  its  former  state 
by  a  spring.  The  instrument 
essentially  consists  of  (1)  a 
vacuum  chamber  which  is 
composed  of  two  discs  of  cor- 
rugated German  silver  formed 
into  a  box-shape  by  soldering  ; 
(2)  a  base-plate.  The  vacuum 
chamber  is  attached  to  the 
base-plate  by  one  pin,  and  to 
a  strong  spring  by  another  pin 
which  is  borne  by  the  frame 
of  the  instrument.  The  spring 
acts  in  opposition  to  the  move- 
ment of  the  walls  of  the  vacuum  chamber.  Attached  to  the  spring 
is  a  lever  composed  of  iron  and  brass — intended  to  act  as  com- 
pensation for  temperature — which  is  connected  by  another  bent 
lever  to  a  chain  wound  round  the  arbour.  The  spiral-spring  keeps  the 
chain  tightly  wound  round  the  barrel,  and  the  chain  operates  on 
the  hand  or  index  which  moves  over  the  dial-face,  by  reason  of 
the  rotatory  action  of  the  barrel.  These  instruments  are  all  graduated 
and  compensated  for  temperature,  are  good,  and  are  at  first  sensitive 
instruments,  but  they  are  liable  in  time  to  become  inaccurate  from 
imperfect  workmanship,  corrosion,  and  other  causes. 

Defects  in  Mercurial  Barometers. — The  presence  of  air  or  moisture 


Fig.  5. — Aneroid  Barometer. 
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in  the  Torricellian  space  renders  an  instrunient  useless  by  reason  of 
inaccuracy,  inasmuck  as  the  expansion  of  contained  air,  or  the  elastic 
force  of  watery  vapour,  tends  to  counterbalance  the  pressure  of  the 
outside  atmosphere,  and  to  cause  the  mercury  to  act  sluggishly.    H  a 
barometer  tube  has  been  properly  filled,  by  tightly  stopping  the  lower 
open  end  with  a  finger  and  suddenly  depressing  the  closed  end,  a  sharp, 
metallic  click  of  the  mercury  against  the  glass  will  be  heard.  Ingenious 
arrangements  have  been  made  to  prevent  the  access  of  air  or  moisture, 
but  in  modern  instruments  these  are  not  commonly  found.    In  order 
that  barometric  observations  in  different  places  may  be  comparable, 
the  readings  must  conform  to  certain  standard  conditions,  for  which 
the  barometer  requires  corrections.    Such  barometric  corrections  must 
be  considered  (1)  with  reference  to  the  individual  instrument ;  (2) 
with  reference  to  all  mercurial  instruments.    Those  necessary  for  any 
individual  instrument  are  (a)  index  error  ;  (&)  cajmcity  ;  (c)  capillarity. 
The  index  error  includes  errors  of  graduation  of  the  scale  of  the  in- 
strument, and  the  position  of  the  zero  of  the  scale  ;  the  latter  makes 
readings  of  the  instrument  either  too  high  or  too  low,  the  former  are 
often  different  for  different  parts  of  the  scale.    These  are  rectified  by 
comparison  with  a  standard  instrument  at  Kew,  and  the  corrections 
are  supplied  with  the  certificate.    Correction  for  capacity  is  not  usually 
required  in  the  newer  instruments.    When  present,  however,  its  amount 
depends  on  the  proportion  of  the  sectional  area  of  the  tube  to  that  of 
the  cistern.    Correction  for  capillarity  is  sometimes  needed,  since  a 
certain  amount  of  capillary  action  occurs  between  glass  and  mercury 
which  tends  to  depress  the  mercurial  column.    This  is  liable  to  be 
greater  the  smaller  the  bore  of  the  tube. 

The  corrections  common  to  all  readings  of  instruments  are  two  m 
number— viz.  {a)  for  temperature,  (&)  for  altitude.  For  Temperature  — 
Mercury  expands  by  heat,  consequently  a  heated  column  of  that  metal 
gives  a  higher  reading.  It  is  therefore  necessary  to  reduce  the  readmg 
to  the  temperature  of  the  freezing-point  of  water,  which  is  commonly 
called  the  "  reduction  to  32°  F."  The  coefficient  of  expansion  of  mercury 
for  each  degree  Centigrade  is  -00018018,  and  for  each  degree  Fahrenheit 
•0001001  above  freezing-point.  For  Altitude— 8mce  altitude  affects 
the  reading  of  a  barometer  by  reason  of  differences  of  pressure,  it  is 
necessary  to  correct  the  reading  of  every  barometer  to  a  standard  level, 
which,  for  Great  Britain,  is  the  mean  half-tide  level  at  Liverpool,  and 
the  correction  is  thus  known  as  the  "  reduction  to  sea-level."  The 
altitude  of  any  place  of  observation  above  this  level  may  be  ascertained 
from  the  Ordnance  Survey  maps.  The  simplest,  and  at  the  same  time 
fairly  accurate,  rule  is  to  estimate  the  difference  of  the  readings  of  the 
barometer  between  the  points  at  which  the  observation  is  taken  and 
the  sea-level  in  hundredths  of  an  inch,  and  to  multiply  by  9  ;  the 
result  gives  the  difference  in  altitude  in  feet.  This  method  is  based  on 
Strachan's  observations  that  a  height  of  90  feet  gives  a  difference 
irfc  barometric  reading  of  0-1  of  an  inch. 

The  term  "isobar''  means  a  line  of  equal  barometric  pressure, 
and  as  the  force  of  the  wind  depends  upon  differences  of  pressure, 
these  differences  of  pressure  between  isobars  of  different  pressures 
are  termed  (jradients,  which  is  a  term  expressive  of  such  different  lines 
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or  points  of  pressure  over  a  given  distance.  The  units  of  pressure 
and  distance  in  this  country  are  respectively  0-1  inches  and  fifteen 
geograpliical  miles,  or,  in  the  metric  system,  one  millimetre  and  one 
degree  or  sixty  geographical  miles.  These  isobars  or  lines  of  equal 
pressure  assume  certain  typical  forms,  and  determine  the  force  and 
direction  of  winds.  Of  these  forms  the  principal  are  {a)  the  cyclone, 
(6)  anti-cyclone,  (c)  V-shaped  depressions  and  {d)  straight  isobars. 
The  cyclone  is  characterised  by  concentric  isobars,  the  lowest  pressure 
being  found  in  the  centre,  the  gradients  being  steep.  The  anti-cyclone 
is  also  characterised  by  concentric  isobars,  less  definite,  however, 
and  further  apart,  the  highest  pressure  being  in  the  centre,  the  gradients 
being  less  steep  than  in  the  cyclone.  In  V-shaped  depressions  or  wedges 
of  low  pressure,  the  pressure  is  highest  in  the  interior,  and  they  are  usually 
found  between  two  adjacent  anti-cyclones.  There  are  also  wedges 
of  high  pressure  between  two  adjacent  cyclones.  In  cyclonic  areas  of 
pressure,  the  wind  blows  spirally  or  obHquely  into  the  centre,  which 
is  the  point  of  lowest  pressure,  in  the  reverse  movement  of  the  hands 
of  a  clock,  whereas  in  anti-cyclones  the  wind  blows  spirally  or  obliquely 
from  the  centre — the  point  of  highest  pressure — to  the  circumference, 
in  the  direction  of  the  hands  of  a  clock.  From  such  distributions  of 
pressure  w-eather  conditions  are  forecasted.  From  the  steepness  of 
the  gradients — that  is,  the  differences  in  pressure  and  distance  of  the 
isobars — in  a  cyclone,  strong  high  winds  and  stormy  wet  weather 
may  be  predicted,  followed  by  bright  sunny  weather.  In  anti- 
cyclones the  weather  is  good;  there  is  little  wind,  and  the  air 
is  bracing.  Such,  however,  are  apt  to  be  attended  by  fogs  in  towns 
and  cities. 

Isobaric  maps  were  not  apparently  thought  to  be  necessary  in  the 
earher  days  of  meteorology,  because  it  was  assumed  up  till  about  1869 
that  the  mean  pressure  at  sea-level  was  everywhere  the  same.  But 
Buchan^  pointed  out  that  on  account  of  pressures  at  sea-level  being 
unequal  and  unequally  distributed,  it  was  absolutely  necessary  to 
take  this  factor  into  consideration,  especially  in  the  determination  of 
altitudes.  The  mean  annual  barometric  pressure  of  the  world  is 
found  to  be  distributed  in  bands  of  relatively  high  and  low  pressure — 
low  round  the  equator  and  round  60°  N.  and  S.  latitude,  and  high  round 
the  Poles  and  30°  N.  and  S.  latitude.  The  pressure  is  believed  to  be 
high  round  the  South  Pole,  because  the  winds,  generally  speaking, 
blow  from  southern  regions  ;  but  there  is  as  yet  little  actually  Icnown 
of  the  precise  conditions  near  the  S.  Pole. 

In  the  northern  hemisphere,  around  60°  N.  lat.,  the  continuity  of 
area  of  low  pressure  is  broken  up,  due  to  the  relatively  larger  proportion 
of  land  to  water,  and  owing  to  this  fact  the  air  is  very  dry,  and  greatly 
cooled  in  winter,  whereas  over  the  seas  in  the  same  latitude  the  air 
is  relatively  very  moist  and  warm.  This  contrast  is,  however,  less 
marked  in  summer.  The  minimum  of  mean  annual  pressure  is  confined, 
therefore,  to  the  bodies  of  water  forming  the  North  Atlantic  and  North 
Pacific  regions.  The  maximum  pressure  in  sub-tropical  regions  extends 
northwards  over  the  continents  across  the  polar  area.  The  highest 
mean  annual  pressure  is  found  in  an  area  about  the  head  waters  of 
'  Trans.  Boy.  tioc.  Edin.,  vol.  x.xv.,  1809. 
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the  Lena  and  Yenisei  rivers  in  Asia,  where  it  rises  above  30'20  inches 
or  767  mm.  The  lowest  areas  are  two  in  number ;  one  extending 
from  Southern  Greenland  over  Iceland  and  Spitzbergen,  the  other 
from  the  southern  part  of  the  Kamschatka  peninsula  over  the  Aleutian 
Islands  and  the  southern  part  of  the  Alaska  peninsula  ;  in  each  of  these 
the  pressure  falls  below  29"7  inches  or  754  mm. 

The  student  who  desires  to  pursue  the  subject  of  meteorology  in 
greater  detail  will  find  a  mine  of  information  in  Bartholomew's  Physical 
Atlas,  vol.  iii.,  edited  by  Alexander  Buchan,  LL.D.,  F.R.S. 

Atmospheric  Movements  and  Winds. — The]  determining  causes  of 
movements  of  columns  of  air  are  chiefly^  two  in  number,  viz. 
(a)  inequalities  of  temperature  between  two  adjacent  columns,  and 
(6)  inequalities  of  pressure ;  to  which  may  be  added  movement  or  rotation 
of  the  earth.  Wind  is  merely  air  in  sensible  motion.  Depending  upon 
the  steepness  or  otherwise  of  the  gradients  of  isobars  within  a  given 
area  over  the  earth's  surface  is  the  degree  of  movement  of  the  air,  or, 
otherwise  put,  the  velocity  of  the  wind.  The  direction  of  the  wind 
is  determined  by  the  position  and  relationship  to  each  other  of  areas 
of  difiering  barometric  pressure.  The  velocity  and,  therefore,  the  pres- 
sure of  the  wind  is  measured  by  anemometers  of  different  kinds  or 
pressure-gauges.  Such  instruments,  however,  must  as  a  rule  be  reckoned 
to  be  approximately  correct  only,  because  of  the  difficulty  of  securing 
always  the  most  suitable  place  for  their  installation,  "^^^lere  a  pressure- 
gauge  is  used  the  velocity  is  obtained  by  the  formula  of  James,  viz. 
P  =  1)2  X  -005,  and  conversely  where  an  instrument  which  measures 
velocity  is  used,  the  pressure  is  obtained  by  changing  the  terms  of  the 
formula  thus  :  x  -005  =  P.  Velocities  are  interpreted  into  weather 
terms  by  an  arbitrary  scale. 

The  prevalent  directions  of  a  wind  in  any  limited  locality  are  mainly 
dependent  on  proximity  to  {a)  the  ocean  and  (6)  high  mountains,  and 
(c)  other  less  weU  determined  factors. 
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Tf  the  foregoing  observations  be  worked  out  as  numbers  of  days 
per  annum  in  eacli  of  these  periods,  1868-1892  and  1893-1903,  dunii<i 
which  the  wind  blew  from  the  directions  noted,  the  results  might  be 
tabulated  as  follows  : — 


Table  XXVI 


Direction  of  Wind 

Avemgo  Number  of  Days  per 
Aiiniiin  during  1808-181)2 

Average  Number  of  Days  per 
Annum  iluring  18'J3-l'.to:i 

N. 

15-7 

14-6 

N.E. 

56-9 

38-7 

E. 

52-8 

511 

S.E. 

17-0 

13-5 

S. 

30-3 

24-8 

s.w. 

88-0 

73-37 

w. 

77-3 

76-29 

N.W. 

27-7 

19-35 

Calm  =  53-00 

Totals 

365-7 

364-71 

It  will  thus  be  seen  the  west-south-westerly  winds  are  the  most 
prevalent,  and  the  east-north-easterly  the  next,  in  Glasgow  and  the 
West  of  Scotland. 

Since  weather  conditions,  such  as  dull,  foggy,  and  wet  days,  and 
lowered  temperatures,  provoke  disease,  these  meteorological  facts  are 
not  without  interest  to  the  medical  officer  of  health. 

PHYSIOLOGICAL  EFFECTS  OF  ABNORMAL 
ATMOSPHERIC  PRESSURES 

Man  has  so  long  been  accustomed  to  live  within  limited  distances 
at  or  above  the  sea-level  that  it  is  difficult  to  accUmatise  him,  without 
risk  to  health  or  even  life,  to  pressures  which  are  either  markedly 
greater  or  less  than  normal.  Hence  it  is  that  by  the  utilisation  of 
compressed  air  at  pressures  greater  than  normal,  by  which  so  many 
important  engineering  schemes  have  been  carried  to  a  successful  issue, 
and  without  which  none  could  have  been  attempted,  men  have  to  be 
subjected  at  some  risk  to  life  and  health  to  increased  atmospheric 
pressure  during  their  hours  of  labour.  The  mai^i  physiological  effects 
perceptible  to  one  in  an  atmospheric  pressure  of  about  24-27  lbs.  per 
square  inch  are  mainly  as  follow : — first,  a  sense  of  fulness  in  the  head 
in  the  neighbourhood  of  the  internal  ear  accompanied  by  deafness. 
This  is  due  to  the  unusual  pressure  exercised  upon  the  tympanum  from 
without,  and  the  want  of  equilibrium  of  air-jDressure  in  Eustachian 
tube  and  outer  ear  on  that  structure.  The  foregoing  sensation  may. 
therefore,  be  largely,  if  not  entirely,  removed  by  Valsalva's  method  of 
inflating  the  Eustachian  tube,  or  by  performing  frequently  the  act  of 
swallowing.  Should  this  manoeuvre  not  be  adopted,  rupture  of  the 
tympiinum  may  ensue.  Second,  pains  in  the  forehead  over  the  frontal 
sinuses,  with  or  without  accompanying  epistaxis.    Third,  owing  to 
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the  rise  of  blood-pressure  and  increased  action  of  heart,  haemoptysis  may 
occur.  Fourth,  there  is  some  degree  of  arterialisation  of  the  blood  of 
the  superficial  veins  of  the  body.  Some  of  these  effects  we  have 
personally  experienced  during  visits  to  underground  works  in  which 
the  pressiu-e  was  as  named  above.  In  workmen  who  are,  however, 
exposed  to  such  pressures  for  hours  on  end,  more  serious  results  may 
ensue,  as  for  example  faintings,  pains  in  limbs  and  joints,  with  tender- 
ness on  pressure  over  the  seat  of  the  pains,  epigastric  pains,  with  or 
without  nausea  and  vomiting,  and  paresis  or  even  motor  and  sensory 
paralysis  of  limbs.  A  pale,  earthy  or  leaden  appearance  of  countenance 
has  also  been  observed  in  workers  in  compressed  air.  Snell  ^  attributes 
this  last  condition  to  the  effects  of  imperfect  ventilation.  This  author 
goes  so  far  indeed  as  to  affirm  that  the  amount  of  illness  found  in  such 
workers  is  largely  attributable  to  the  want  of  ventilation  in  the  working- 
place.  There  is  no  doubt  that  the  percentage  quantities  of  CO2  found 
in  the  working-place  is  often  very  high. 

The  history  of  compressed-air  illness  began  with  the  introduction 
of  the  diving-bell,  the  invention  of  Sturmius  in  the  early  part  of  the 
sixteenth  century,  although  it  was  not  then,  perhaps,  known.  Brize- 
Fradin  ^  was  probably  the  first  to  give  an  account  of  the  physiological 
effects  produced  in  this  way.     The  caisson  or  caissoon,  which  is  now 
the  mechanism  adopted  in  engineering  projects  in  which  compressed 
air  must  be  employed,  was  first  used  by  M.  Triger  in  1839,  at  Chalonnes, 
while  digging  through  a  layer  of  quicksand  to  get  down  to  the  coal 
strata.    A  modern  caisson  consists  of  a  steel  cylinder  sunk  or  driven 
vertically  or  horizontally  into  water  or  water-containing  soil,  the 
object  of  its  use  being  to  form  a  shaft  or  working-space  which  shall 
be  kept  free  of  water.    The  possible  inrush  of  water  is  prevented  by 
the  force  or  pressure  of  the  compressed  air  which  is  injected  into  it 
from  an  air-compressing  apparatus.    The  degree  of  pressure  varies 
on  account  of  the  needs  of  the  work  to  be  accomplished.    To  allow 
of  the  entrance  and  exit  of  workmen  and  materials  to  the  working- 
face,  air-locks  or  air-chambers  are  provided.    For  workmen  the  air- 
lock IS  usually  double,  having  an  inner  and  outer  airtight  door,  both 
of  which  open  toward  the  compressed-air  space.    Into  the  chambers 
between  the  doorways,  by  means  of  air-cocks  connected  with  the  air- 
compressing  machinery,  the  pressure  in  the  air-chamber,  in  the  case 
of  ingoing  workmen  or  material,  is  gradually  raised  to  that  of  the  work- 
ing-face, and  in  the  outgoing  chamber  the  pressure  is  gradually  reduced 
to  the  normal  pressure  of  the  atmosphere.    The  pressure  at  the  working- 
face  over  that  of  the  normal  atmosphere  may  vary  from  a  few  pounds 
up  to  forty  or  more  pounds  per  square  inch. 

Much  attention  has  been  paid  of  late  years  to  the  conditions  of 
work  under  compressed  air,  to  the  workmen  employed  thereunder,  and 
to  the  illnesses  and  fatal  results  which  have  resulted  therefrom.  These 
questions  have  also  been  subjected  to  experimental  investigation 
both  on  man  and  on  the  lower  animals.  Greenwood  carried  out  a  valu- 
able investigation  in  his  own  person  in  1905,^  and  has  recorded  his 

*  "Compressed-Air  Illness,"  1890. 

^  La  chimie  pneumatiqice  appliqude  aux  travaux  sous  Veati,  Paris,  1808. 
=•  B.M.J.,  vol.  i.,  1000,  p.  912  ;  ibid.,  p.  983. 
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observations  and  personal  experiences.  He  permitted  liimself  to  be 
compressed  to  1-  92  lbs. — that  is,  a  total  pressure  of  seven  atmospheres — 
in  fifty-four  minutes,  and  subsequently  to  be  decompressed  in  two  hours 
seventeen  minutes,  without  experiencing  any  inconvenience  beyond  a 
little  neuralgic  pain  in  the  arms,  which,  however,  disappeared  in  one 
and  a  half  hours  afterwards.  This  pressure  corresponds  to  a  water 
depth  of  about  210  feet. 

It  is  important  that  men  who  are  to  work  under  compressed-air 
conditions,  and  especially  at  the  higher  pressures,  should  be  sound  and 
healthy  men,  and  it  is  absolutely  essential  to  safety  as  regards  life  and 
illness  that  the  time  occupied  in  the  decompressing  process  on  coming 
from  the  working-face  should  be  ample.  It  is  probably  true  to  say 
that  mischief  almost  solely  arises  from  deficient  time  of  decompression. 
Greenwood  sets  down  as  the  essentials  of  safe  working  the  following 
guiding  rules,  viz.  (1)  that  twenty  minutes  for  each  atmosphere  of 
pressure  above  the  normal  should  be  the  time  allowed  for  decompres- 
sion, and  that  the  decompressing  process  should  be  gradual  and 
continuous  throughout  the  time,  and  (2)  that  during  the  period  of 
decompression  all  parts  of  the  body  should  be  quietly  exercised,  the 
joints  flexed  and  extended,  and  the  muscles  contracted,  so  as  to  maintam 
the  capillary  circulation  in  every  part. 

The  same  essential  conditions  as  to  exposure  to  compression  obtain 
in  deep-sea  diving,  a  report  by  the  Admiralty  on  the  subject  having 
been  published  giving  the  results  of  the  investigations  of  a  committee.^ 
It  is  obvious,  however,  that  in  diving  other  means  of  decompression 
than  in  the  air-lock  had  to  be  devised,  hence  the  plan  of  discontinuous 
or  staged  decompression  has  been  instituted.  Eules  to  be  observed 
in  carrying  out  the  system  have  been  instituted.  The  following  quota- 
tion from  the  Addenda  to  the  Diving  Manual  will  illustrate  the  practice 
recommended  : — "  If  a  diver  has  been  working  at  a  depth  of  144  feet 
for  between  45  minutes  and  IJ  hours,  he  is  directed  to  ascend  rapidly 
to  50  feet,  and  then  to  pause  for  10  minutes  ;  he  next  comes  to  40 
feet  and  again  Waits  10  minutes ;  at  30  feet  he  stops  20  minutes ; 
at  20  feet,  30  minutes  ;  at  10  feet,  35  minutes ;  and  then  leaves  the 
water  ;  the  whole  ascent  occupying  108  minutes.  By  the  method  of 
uniform  decompression  the  ascent  would  have  been  performed  m 
about  126  minutes.  Had  the  exposure  been  longer— over  U  ^outs— 
the  same  plan  would  have  been  followed,  but  the  total  time  aUotted 
greater,  viz.  178  minutes."  .  ^  ^     •  i 

It  has  been  pointed  out  that  the  rate  at  which  different  ammals 
and  parts  of  animals  take  up  gas  when  exposed  to  air  under  compre^ssion 
"is  proportional  to  the  volume  of  the  blood  relative  to  that  of  the 
tissues  and  the  rate  of  circulation.  Thus  the  blood  itself  comes  into 
gaseous  equilibrium  with  the  alveolar  air  practically  instantaneously, 
and  the  kidney  becomes  saturated  in  a  few  minutes ;  on  the  other 
hand,  there  is  abundant  evidence  that  some  parts  of  the  body  m  man 
do  not  reach  saturation  for  at  least  four  or  five  hours.  In  t'lc-  same 
way,  when,  after  exposure  to  compressed  air,  the  pressure  is  suddenly 
released,  the  excess  gas  which  has  been  taken  up  will  escape  from 
different  tissues  at  rates  which  will  depend  upon  the  activity  ot  the 
1  Admiralty  Committee  on  Deep-Wator  Diving,  1907. 
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circulation  in  the  various  tissues."  ^  It  might  be  expected,  therefore, 
to  find,  as  they  are  found,  air-bubbles  in  the  tissues  distributed  in 
accordance  with  that  view.  But  they  arc  found  abundantly  in  bodily 
fluids,  and  stiU  more  abundantly  and  more  frequently  in  blood  than 
in  any  other  fluid  of  the  bodies  of  animals  where  decompression  is  rapid. 
They  are  found  most  commonly  and  abundantly  in  fatty  tissues  com- 
pared with  any  other  solid  tissue  of  the  body,  and  in  the  solid  matter 
of  the  spinal  cord.  In  experiments  made  on  goats,  sudden  decom- 
pression was  found  to  be  most  lethal,  as  the  following  table  shows  : — 


Table  XXVII 


Goat 

Pressure 

Exposure 

Decompression 

Time  of  Death 

1 

72  lbs. 

4  hoiirs 

40  seconds 

20  minutes 

•2 

75  „ 

2  „ 

45 

17 

3 

51  „ 

3  „ 

2  minutes 

24 

4 

51  „ 

3  „ 

4 

27 

0 

45-46  „ 

2  „ 

7 

190 

6 

25  „ 

2  „ 

28  seconds 

Died  at  once 

The  presence  of  air-bubbles — some  think  nitrogen-bubbles — ^in 
the  blood  gives  a  clue  to  the  likely  cause  of  rapid  death  following 
insufficient  decompression,  viz.  air-embolism ;  and  their  presence 
in  the  solid  matter  of  the  spinal  cord,  to  the  cause  of  the  paralysis, 
especially  paraplegia,  which  is  not  an  uncommon  sequent  to  exposure 
to  compressed  air.  It  is  also  by  no  means  unlikely  that  it  is  the  presence 
of  these  bubbles  in  the  synovial  fluid  of  the  joints  which  gives  rise  to 
the  joint-pains  or  "  bends "  in  less  serious  cases  of  illness.  These 
surmises  are  so  far  corroborated  by  the  experience  that  the  most  effective 
form  of  treatment  of  men  who  suffer  in  any  of  these  ways  after  exposure 
to  compressed  air  is  to  place  them  in  a  hospital  air-compression  chamber, 
and  gradually  raise  the  pressure.  Pains  in  the  joints  and  in  the  limbs 
quickly  then  disappear,  and  improvement,  if  not,  indeed,  cure,  of 
paraplegic  symptoms  not  infrequently  follows.^ 

Mountaineers  and  balloonists  on  the  other  hand  suffer  from  the 
effects  of  abnormally  low  pressures  and  from  the  deficiency  per  cent, 
of  oxygen  which  such  low  atmospheric  pressure  indicates.  Mai  de 
monlayne  is  a  well-recognised  affection,  the  chief  symptoms  of  which 
are  severe  headache,  great  ennui  and  inability  for  exertion,  and  panting 
for  breath.  According  to  Hepburn,^  true  mountain-sickness  only 
supervenes  at  altitudes  at  and  above  16,500  feet.  The  conditions 
of  the  mountaineer  arc,  however,  somewhat  different  from  those  of  the 
aeronaut ;   those  of  the  former  are  most  largely  due  to  diminution 

^  Boycott  and  Damant,  Jour,  of  Path.,  vol.  xii.,  1908. 

^  Farther  re foroncos  :  Haldano  and  Lorrain  Smith,  Jottr.  Phys.,  vo\.  xxv., 
p.  331  ;  Hill,  Lancet,  1st  July  1905  ;  Hill,  Roy.  Instit.  Great  Britain,  25th  May 
190r> ;  Hill  and  Macieod,  Jottrn.  Hygiene,  vol.  iii.,  p.  403  ;  Macmorran,  B.M.J. , 
vol.  i.,  1902,  p.  1018. 

'  St  Barth.  Hosp.  Reports,  1895. 
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of  oxygen  per  unit  volume  of  air,  whereas  those  of  the  latter  are  mainly 
attributable  to  reduction  in  pressure,  as  well  as  to  diminution  of  oxygen. 

The  effects  of  variations  of  barometric  pressure  within  the  limits 
of  natural  conditions  upon  the  health  of  man  and  upon  disease  are  not 
yet  well,  certainly  not  fully,  understood.  Some  are  more  readily  than 
others  affected  by  discomfort  on  ascension  to  the  higher  altitudes, 
some  only  to  the  extent  of  increased  rapidity  of  breathing  and  of  cardiac 
action,  and  others  to  graver  symptoms  denominated  under  the  term 
"  inal  de  montaCfne.''  Sphygmographic  tracings  not  infrequently  show 
a  lower  arterial  tension  at  an  altitude  of  3000  feet  than  at  half  that 
height,  although  not  always.  Organic  heart-disease  is  said  to  be  more 
prevalent  among  persons  living  at  high  altitudes  than  near  the  sea-level, 
these  being  attributed  to  the  strain  on  the  circulatory  and  respiratory 
symptoms  when  climbing  at  work  in  the  rarefied  air  ;  but  there  are  not, 
as  yet,  sufficient  data  to  establish  this  point.  With  respect  to  the  blood 
of  persons  and  animals  living  in  the  higher  altitudes,  it  seems  to  us 
to  be  established  that  it  is  richer  in  corpuscular  elements  than  at  lower 
altitudes.  This  has  been  shown  by  many  observers,  whatever  is  the 
true  reason.  Dyspepsia  has  many  times  been  observed  to  follow 
residence  at  high  altitudes,  and  in  many  cases  to  persist  during  the  whole 
period  of  residence  there,  but  is  cured  by  removal  to  a  lower  altitude. 
Mental  inactivity,  and,  sometimes  also,  nervous  symptoms  have  been 
exhibited. 

Few  observations  have  been  published  respecting  the  influence 
of  variations  of  barometric  pressures  near  the  sea-level  on  ordinary 
diseases.  Whitelaw  ^  has  drawn  attention  to  the  occurrence  of  haemor- 
rhages from  the  body  concomitant  with  a  high  barometer ;  but  the 
data  as  yet  published  cannot  be  said  to  prove  the  association  as  cause 
and  effect,  although  a  priori  it  seems  a  feasible  hypothesis. 

Disastrous  explosions,  accompanied  in  some  instances  with  great 
loss  of  life,  occur  in  coal-pits  at  times  of  high  pressure,  this  ha^'ing  been 
so  frequently  observed  that  "  colliery  warnings "  are  issued  when 
the  barometer  is  high. 

CLIMATE 

Climate  may  be  said  to  be  the  resultant  of  the  combined  influences 
of  temperature,  atmospheric  humidity,  rainfall,  barometric  pressure, 
sunshine,  exposure,  wind,  altitude,  proximity  to  or  distance  from 
warm  ocean-currents,  altitude,  and  geographical  position  relative  to 
the  equator,  on  the  life  of  animals  and  man.  Many  different  classifica- 
tions of  climate  have  been  made,  the  fundanientutn  divisionis  depending 
upon  the  object  in  view.  The  meteorologist,  for  example,  has  divided 
them  into  insular  or  moderate  and  continental  or  excessive,  the  main 
differentiating  feature  being  the  moderate  range  of  annual  temperature 
in  the  one  and  the  extreme  range  in  the  other :  the  isothermal  lines 
being  less  varied  in  curvature  in  the  former  than  in  the  latter,  o\ying 
to  the  different  specific  heat  of  land  and  water.  Other  classifications 
have  been  founded  on  the  relations  to  the  equator,  and  others  again 


1  B.M.J. ,  vol.  i.,  1896,  p.  1317. 
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to  altitude.  But  other  classifications  have  been  proposed  based  on 
their  relation  to  the  comfort  and  health  of  man  ;  tlius  : 

1.  Very  cold  {J^f^^ 

2.  Very  hot  {  ^J^;^ 

(Ocean 
Island 
Seashore 
I  Valley 
4.  Inland  Climates  ■!  Plain 

{  Moimtain 

Such  a  classification  is  unscientific  because  there  is  no  definite  basis 
of  division. 

Lesieur  ^  divides  climates  as  follows  : — I.  Temperate  Climates  : 
Between  the  isothermal  lines  +15°  C,  and  +5°  C,  the  influence  of 
the  Gulf  Stream  affecting  the  boundaries  of  the  latter  isotherm ; 

II.  Warm  Climates  :  Between  the  isotherms  +25°  C,  and  +15°  C.  ; 

III.  Torrid  or  Tropical  Climates  :  Between  the  equator  +  28°  C.  and  the 
isothermal  line  +  25°  C.  ;  Cold  Climates  :  Between  the  isothermal  lines 
+  5°  C.  and  —  5°  C.  ;  and  Polar  Climates  :  Between  the  lines  —  5°  C. 
and  — 15°  C.  Such  a  classification  as  this,  however,  is  based  on  lines 
of  equal  temperature  in  relation  to  place,  but  takes  no  regard  to  time, 
in  which  respect  it  fails  as  a  complete  classification. 

Huggard^  has  ofiered  a  most  reasonable  classification  from  the 
point  of  view  of  climate  as  a  remedial  measure  in  disease.  His 
basis  of  division  is  the  demand  made  by  the  cUmate  for  the 
production  of  body  heat  or  tissue  change ;  and  he  advances 
the  general  proposition  that  "  other  things  being  equal,  that 
climate  is  most  tonic  which,  demands  the  greatest  amount  of  tissue 
change  that  a  given  organism  can  permanently  yield."  He  places 
at  the  top  of  his  list,  therefore,  those  climates  which  make  the  least 
demand  for  heat-production  by  the  organism,  and  at  the  bottom  those 
which  make  the  largest  demand,  on  the  ground  that  temperature 
is  the  only  meteorological  factor  which  retains  its  place  as  a  prominent 
element  of  classification  for  all  climates,  its  influence  on  the  human  body 
for  heat  requirements  being  only  modified  by  the  mean  relative  humidity 
of  the  air  and  the  presence  or  absence  of  winds.  Accordingly,  he 
thus  divides  climates  into  the  following  five  groups — viz.  I.  Those 
where  the  heat  or  tissue-change  demand  is  excessively  small ; 
II.  Those  where  that  is  small ;  III.  Those  where  it  is  medium ;  IV.  Those 
where  it  is  large ;  and  V.  Those  where  it  is  excessive.  Grouped  relatively 
to  temperature,  they  are  as  follow  : — I.  Hot  Climates  :  Having  a  tem- 
perature of  over  71-6°  F.  ;  II.  Warm  Climates  :  Having  a  temperature 
ranging  from  60-8°  F.  to  71-6°-F.  ;  III.  Temperate  Climates  :  A  range 
from  48-2°  F.  to  60-8°  F.  ;  IV.  Cool  Climates  :  A  range  from  33-8°  F. 
to  48-2°  F.  ;  V.  Cold  Climates  :  Having  a  temperature  under  33-8°  F. 
Each  of  these  groups,  except  the  last,  is  divided  into  two  sub-groups 

1  TraM  d' Hygiene,  fas.  i.,  Paris,  1906. 

2  Handbook  of  Clinuitic  Treatment,  London,  ]  000. 
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by  the  mean  relative  atmospheric  humidity,  the  one  sub-group  being 
called  dry,  and  the  other  not  dry,  or  humid  climate.  Thus  in  Group  I., 
the  temperature  being  as  stated,  a  dry  climate  is  one  which  has  a 
humidity  under  60  per  cent,  and  a  humid  climate  one  where  the  humidity 
is  over  that  percentage  ;  in  Group  II.,  under  or  over  66  per  cent.  ;  in 
Group  III.,  under  or  over  75  per  cent.  ;  and  in  Group  IV.,  under  or 
over  70  per  cent.  Group  V.  has  no  sub-groups,  as  its  mean  relative 
humidity  is  80  per  cent,  or  over. 

Cairo  affords  an  example  of  diversified  climate  at  different  seasons 
of  the  year.  It  has  a  hot  dry  climate  from  May  till  August,  a  moist 
climate  from  September  tUl  October,  a  dry  warm  climate  in  March 
and  November,  and  a  dry  temperate  climate  in  December,  January  and 
February.  The  Riviera  generally  from  November  tUl  April  has  a  (hj, 
temperate  climate,  although  in  December  and  January,  Cannes,  Nice 
and  San  Remo  are  cool  rather  than  temperate.  In  South  Africa  the 
climate  of  Cape  Town  may  be  classified  as  temperate  from  May  tUl 
October,  and  as  warm  from  November  till  March,  whereas  in  the 
higher  lands,  further  from  the  sea,  the  temperate  climate  begins  a 
month  earlier  and  ceases  one  month  earlier,  while  the  warm  climate 
begins  one  month  sooner  and  lasts  for  the  same  period  as  at  the  lower 
altitudes. 

It  ought  to  be  pointed  out  that,  with  the  exception  of  a  few  isolated 
places  on  the  earth's  surface,  climate  is  not  a  fixed  quantity,  but  is 
subject  to  fluctuations  and  variations,  because  it  has  relation  to  time 
as  well  as  to  place.  It  is  in  the  main  true  that  colonisation  is  affected 
by  climate,  and  that  nations  differ  in  their  capability  to  colonise  regions 
differing  much  in  climatic  conditions  from  those  in  which  they  have 
been  reared.  But  colonisation  depends  upon  conditions  other  than 
adaptability  to  climatic  conditions,  hence  it  is  difficult  to  apportion 
with  close  approximation  to  the  truth  the  grounds  for  this  colonising 
capacity. 


CHAPTER  IV 


AIR  AND  VENTILATION 

Aiv— Composition. — The  purity  of  the  air  or  atmosphere  only  be- 
comes an  urgent  question  when  Man  congregates  in  large  numbers 
within  a  small  area,  and  lives  within  spaces  bounded  by  walls  ;  for 
under  these  conditions  only  is  air  likely  to  become  so  impure  as  to 
aiiect  prejudicially  the  health  of  those  so  situated. 

Pure  air  per  1000  volumes  has  the  following  constitution  : — 

Average  Composition  of  Pure  Air  per  1000  Volumes 

Nitrogen  (including  argon,  helium,  neon,  krypton  and  zenon)  =  779-0600 

Oxygen  

Watery'  Vapour  (as  a  gas)  ..... 

Carbonic  Acid,  or  Carbon  Dioxide  .... 

.'Vmmonia  ........ 

Oxone 

Nitric  Acid  ........ 

Total 

If  we  leave  out  of  count  watery  vapour,  which  is  variable  in  amount, 
then  in  1000  volumes  the  composition  may  be  said  to  be  as  follows  : — 

By  VoUinie 

Oxygen    .        .    '    .        .         .         .  =  209-6 

Nitrogen  =  790-0 

CO,  =  ^ 

1000- 


For  many  years  the  principal  gas  in  the  air,  apart  from  oxygen, 
has  been  reckoned  as  nitrogen,  but  the  recent  investigations  of  Lord 
Rayleigh  and  Professor  Ramsay,  and  others,  have  demonstrated  the 
presence  in  small  quantities  of  the  gases  which  we  have  included  above 
in  nitrogen.  They  have  proved  that  100  vols,  of  pure  air  contain 
0-937  volume  of  these  combined  gases,  of  which  argon  is  the  principal 
component,  being,  in  that  quantity,  about  400  times  greater  in  amount 
than  the  other  four  put  together.  Moreover,  the  physical  triumph  of 
the  liquefaction  of  air  has  made  such  researches  as  the  chemical  com- 
position of  air  more  fertile  in  results.  In  addition,  however,  to  these 
discoveries,  Armand  Gautier  has  demonstrated  that  pure  air  contains 
small  but  appreciable  quantities  of  free  hydrogen  and  of  marsh-gas 
(CH4).  In  the  air  of  Paris,  as  a  type  of  impure  air  for  example,  \yhile 
the  presence  of  free  hydrogen  was  detected  upon  isolated  occasions, 
the  CH4  amounted  to  -226  vols,  per  1000  of  air.  In  the  air  of  forests, 
where  it  might  be  expected  that  marsh  gas  would  be  more  plentiful  by 

107 


-  14-0000 
-  0-3360 

-  0-0080 
=  0-0015 
=  0-0005 


=1000-0000 


108 


PUBLIC  HEALTH 


reason  of  the  decomposition  of  vegetable  substances,  that  gas  only 
amounted  to  half  that  quantity— viz.  -113  vols,  per  1000  ;  while  at  a 
height  of  9000  feet  in  the  Pyrenees,  aiiiid  snow,  his  experiments  demon- 
strated a  still  further  diminution  of  CH^  to  -0219  vols,  per  1000,  whereas 
the  amount  of  free  hydrogen  had  increased  to  -17  vols,  per  1000  volumes 
of  air.  While,  therefore,  the  principal  constituents  of  the  atmosphere 
may  be  reckoned  to  consist  of  Nitrogen,  Oxygen,  Carbonic  Acid,  Ozone 
and  watery  vapour,  it  does  not  appear  as  if  its  complete  chemical  con- 
stitution was  quite  so  simple  as  has  hitherto  been  believed. 

Oxygen,  which  so  far  as  human  life  is  concerned  may  be  reckoned 
as  its  most  important  constituent,  amounts  in  the  purest  air  to  20-96 
per  cent. ;  but  this  amount  may  be  appreciably  lessened  under  different 
circumstances.  In  breathing,  for  example,  where  the  oxygen  taken 
into  the  lungs  replaces  the  carbonic  acid  gas  of  the  blood,  the  composi- 
tion of  the  expired  air  differs  enormously  from  that  of  inspiration.  In 
1000  vols,  of  the  former,  oxygen=  169-2,  nitrogen,  etc.,=  790-4,  and 
carbonic  acid='40-4  volumes.  The  other  factors  which  reduce  the 
amount  of  oxygen  are  combustion,  fermentation  and  putrefactive 
processes,  manufacturing  and  trade  operations,  organic  matter  in  sus- 
pension in  the  air,  and  others  ;  while  those  that  are  restorative  of 
oxygen  are  mainly  the  action  of  vegetable  life  in  splitting  up  COg  in 
the  presence  of  sunlight  into  carbon  and  oxygen,  by  which  the  carbon 
is  fixed  by  the  plant  and  oxygen  is  liberated,  the  physical  influences  of 
currents  of  air,  and  the  rainfall.  It  has  been  clearly  demonstrated 
that  the  amount  of  oxygen  in  the  atmosphere  of  populous  places  for 
the  above  reasons  undergoes  a  sensible  diminution.  Angus  Smith 
showed  that  during  frost  and  fog  in  the  air  of  Manchester  it  fell  to 
20-910  per  cent. 

Experiments  have  demonstrated  that  it  is  possible  for  a  man  to 
breathe,  for  a  very  limited  time  only  without  insensibility  supervening, 
an  atmosphere  which  contains  only  16  per  cent,  of  oxygen  and  4  per 
cent,  of  carbonic  acid.  But  remarkable  cases  occasionally  are  found. 
During  the  construction  of  a  railway  bridge  over  the  river  Forth  near 
Alloa,  in  1882,  one  man  lost  his  life  and  the  lives  of  two  others  were 
endangered  under  the  following  circumstances.  The  piers  of  the 
bridge  consisted  of  hollow  iron  cylinders.  These  consisted  of  seg- 
ments each  about  6  feet  in  height,  which  were  placed  above  one  another 
till  they  reached  a  total  length  of  60  feet  before  the  pier  was  finished. 
At  the  junction  of  each  two  segments,  a  space  was  left  all  round  which 
had  to  be  filled  by  a  workman  from  the  inside  of  the  pier  with  a  rusting 
composition  which  was  made  up  of  iron  turnings,  sulphur,  and  the 
addition  sometimes  of  ammonium  chloride.  One  warm,  still  day  in 
summer,  a  workman  employed  in  filling  up  this  space  with  this  com- 
position was  observed  to  appear  as  if  overpowered  in  some  inexplicable 
way.  A  companion  went  down  to  his  rescue  in  a  bucket  suspended  by 
a  rope,  placed  the  man  into  the  bucket,  and  he  was  hauled  up  and 
revived  shortly  after.  His  rescuer,  however,  in  turn  became  similarly 
overpowered,  and  fell  into  a  pool  of  water  at  the  bottom  of  the  cylinder, 
in  which  he  was  drowned.  One  of  the  contractors,  after  t}dng  a  rope 
round  himself,  was  lowered  to  the  rescue,  was  likewise  overpowered, 
but  was  speedily  hauled  up,  and  quickly  recovered.    It  was  evident 
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that  the  cause  of  the  mischief  was  some  lethal  gas,  but  what  was  its 
precise  constitution  was  not  known.  The  late  Dr  Wallace,  then 
analyst  to  the  city  of  Glasgow,  came  to  the  conclusion  that  the  cause 
might  be  related  in  some  w^iy  to  the  rusting  composition  used.  Having 
obtained  some  of  the  material  for  experimental  purposes,  he  quickly 
discovered  that  when  the  substances  composing  it  were  mixed  in  a 
limited  quantity  of  air,  the  oxygen  became  so  rapidly  absorbed  that 
after  ten  minutes'  action  the  air  would  not  support  the  combustion  of 
a  candle,  and  that  at  the  end  of  two  hours  the  amount  of  oxygen  absorbed 
amounted  to  16  parts  per  100  volumes  of  air.  Exposure  for  a  still 
longer  period  indicated  a  loss  of  20|  parts  of  oxygen  per  100  volumes 
of  air,  or  nearly  the  whole  amount  of  oxygen  present.  Another  note- 
worthy phenomenon  observed  during  the  oxidation  of  the  iron  of  the 
composition  was  the  considerable  rise  of  temperature  of  the  air,  which 
in  one  of  the  experiments  reached  156°  F.  It  thus  became  evident 
that  the  cause  of  the  attacks  was  the  limited  supply  of  oxygen  due  to 
the  oxidation  of  the  iron  of  the  rusting  composition,  and  to  the  want 
of  cii-culation  of  air  in  the  confined  space. ^ 

Accidents  have  also  happened  in  caissons  from  sulphuretted  hydrogen 
gas.  A  fatal  occurrence,  due  to  this  cause,  took  place  at  Hebburn-on- 
Tyne  in  July  1902,  and  a  second  in  the  same  place  in  August  of  that 
year,  four  men  in  all  losing  their  lives. ^ 

Nitrogen  serves  the  useful  purpose  of  diluting  the  oxygen  in  the 
air  for  the  needs  of  men,  animals,  and  plants,  and  moreover  is  an 
important  factor  in  plant  nutrition,  since  not  only  are  portions  of  it 
converted  during  thunderstorms  into  nitric  acid  which  is  washed  into 
the  soil  for  plant  use,  but  plants,  like  those  of  the  leguminous  order, 
through  the  agency  of  bacteria  contained  in  nodules  on  their  roots,  are 
able  to  fix  the  free  nitrogen  of  the  air.  For  the  above  reason,  infinite- 
simal proportions  of  nitric  acid  are  sometimes  found  in  the  air. 

Ozone,  which  is  an  allotropic  form  of  oxygen  with  the'  chemical 
formula  of  O3,  is  only  found  in  the  air  of  mountainous  regions  and  of 
the  sea  and  sea-board  especially  after  thunderstorms,  and  even  then 
m  but  small  proportions.  Because  of  its  property  of  being  rapidly 
and  readily  oxidised  by  organic  matter  in  the  air,  it  is  not  found  in 
the  atmospheres  of  large  populous  places. 

Carbonic  acid  may  be  deemed  a  normal  constituent  of  air  up  to  a 
certain  point,  because  of  the  oxidation  of  carbon  which  takes  place  in 
nature,  but  beyond  a  certain  proportion  it  must  be  reckoned  as  an 
impurity.  Existing  in  the  purest  air  from  -0336  to  -04:  per  cent.,  it 
may  be  found  in  the  air  of  populous  places  in  winter  to  the  extent  of 
•0539  per  cent.,  and  in  the  atmosphere  of  inhabited,  ill-ventilated 
dwellings,  even  of  1  per  cent,  and  upwards.  In  the  Cotton  Cloth 
Factories  (Amendment)  Act,  1887,  it  is  enacted  that  the  air  of  such 
factories  must  not  contain  more  than  0-9  COg  per  1000  vols,  of 
air. 

In  a  report  to  the  Home  Office  in  1902  on  the  Ventilation  of  Factories 
by  Haldane  and  Osborne,  it  was  recommended  that  the  air  of  factories 
at  the  breathing-level  should  not  be  allowed  to  exceed  12  parts  of  carbon 

*  Proc.  Phil.  Soc.  Olasg.,  vol.  .xiv.,  p.  1. 

«  D.  M.  J.,  vol.  ii.,  1902,  p.  8iy. 
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dioxide  per  10,000  parts  of  air  during  daylight  or  where  electric  light 
was  used,  or  20  parts  after  dark  where  gas  or  oil  was  used  for  lighting. 

Water)^  vapour  is  a  variable  constituent  in  air,  its  amount  fluctuating 
considerably,  depending  mostly  upon  temperature.  The  average 
amount  is  about  1-4  per  cent.  In  cotton  cloth  factories,  two  sets  of 
standard  wet-and-dry  bulb  thermometers  must  be  kept,  and  daily 
readings  taken  between  10-11  a.m.,  and  3-4  p.m.,  of  which  a  record 
must  be  made. 

The  Home  Secretary  appointed  in  1909  a  Depai-tmental  Committee 
on  Humidity  and  Ventilation  in  Cotton-Weaving  Sheds,  and  asked 
the  committee  to  report  on  the  following  matters,  viz.  "  At  what 
degrees  of  heat  and  humidity  combined  definite  bodily  discomfort 
arises,  under  the  conditions  of  the  work  carried  on  by  the  operatives, 
and  what,  if  any,  danger  to  health  is  involved  by  continuous  work 

at  those  degrees."  i    •    •  £  -j.   •  i 

Ammonia  is  always  found  in  impure  air,  but  only  in  mhmtesimal 
proportions,  the  average  amount  not  being  more  than  one  part  per 

million.  .  i  j-a 

Characteristics  of  Impure  ^w.— The  air  of  a  populous  place  difiers 
in  its  composition  from  that  of  the  open  country  or  the  sea  m  respect 
that  it  contains  many  impurities,  and  of  different  kinds.    These  may 
be  divided  into  two  main  classes,  viz.  (1)  Particulate,  (2)  Qraseous 
The  causes  which  determine  the  presence  of  both  are  the  artificial 
conditions  contingent  upon  the  congregation  of  Man  and  ammals 
in  a  limited  area.    The  former  impmities  consist  of  (a  unconsimied 
particles  of  coal-debris,  in  the  form  of  soot-particles ;  (&)  debris  faom 
the  bodies  of  men  and  animals,  from  street  trafiic,  and  from  industrial 
operations,  of  organic  and  inorganic  composition  ;  (c)  spores  ot  plants 
pollen,  bits  of  decaying  vegetation,  fibres  of  different  stufls ;  and 
(d)  micro-organisms.    The  particulate  bodies  are  the  mam  causes  of  fog, 
since  round  them  are  formed  halos  of  condensed  watery  vapour.  Ihe 
colour  and  density  of  fogs  are  determined  by  the  amount  of  smut- 
particles  present.    It  is  for  this  reason  that  m  populous  places  fogs 
assume  a  brown  colour  and  dense  character,  whereas  in  the  fountr) 
they  are  light  in  colour  and  have  the  appearance  of  mist.    Aitken  has 
demised  an  ingenious  apparatus  by  which  the  number  of  particles 
present  in  a  u^t  quantity  of  air  may  be  computed    He  has  demon- 
strated that  the  number  of  particles  per  cubic  inch  of  ^^^'/^^ 
number  from  about  2000  in  the  air  of  the  open  country,  to  three  millions 
and  upwards  in  populous  places.    Such  particulate  ^odi^s  when 
inspired    generate  pulmonary  affections  because  of  their  untant 
character,  'an  action'which  is'seen  m  more  marked  degree  in  persons 
engaged  in  certain  occupations  m  which  particulate  "l^fj^^;  «  .  J^/^^^^ 
kinds  is  thrown  into  the  atmospheric  environment  of  f^J^^'^'^^' 
the  intensity  of  which  depends  largely  upon  the  cliaractei  of  the  par 
ticulate  matter,  being  more  severe  where  it  is  of  a  gntty,  angular 
character  than  when  composed  of  a  soft,  fluffy  ^^^-^^JXfs 
of  sreater  importance,  however,  is  the  presence  of  micio-organisms. 
?hft  4eir  nuLer  is  greatest  in  populous  centres  -  ^emo^^^^^^^^^^ 

might  be  expected,  by  the  fact  that  on  "-^^t^'lS  f?n  n  he tperi^^^^ 
their  number  is  reduced  to  a  mimmum  ;  indeed,  from  the  experimental 
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researches  of  IMiguel,  Fischer  and  others,  it  has  been  shown  that  in 
high  altitudes  the  average  number  is  reduced  to  one  organism  per  cubic 
metre  of  air,  and  far  out  at  sea,  to  the  vanishing-point.  Even  in  the 
air  of  a  populous  place,  however,  Franldand,  Carnelly,  and  others  have 
shown  (1)  that  the  number  of  micro-organisms  per  unit  quantity  of 
air  is  greatest  where  persons  most  do  congregate  in  confined  spaces,  as 
in  halls,  schools,  churches  and  like  large  buildings  ;  (2)  that  from 
the  effect  of  gravity  the  number  is  greatest  on  the  ground-level,  and 
diminishes  by  altitude  ;  (3)  that  after  rain  or  fog  the  numbers  diminish, 
due  to  the  rain  washing  the  organisms  on  to  the  streets,  or  into  the 
soil.  Hence  in  populous  places  air-borne  infection  is  more  prevalent 
than  in  the  open  country. 

Of  the  gaseous  impurities,  the  chief  are  (1)  carbonic  acid  and 
carbon  monoxide  from  the  lungs  of  men  and  animals,  as  a  product  of 
combustion  of  coal,  of  trade  processes,  and  of  coal-gas  in  the  air  of 
houses ;  (2)  sulphur  gases,  as  sulphurous  acid,  sulphuric  anhydride, 
sulphuretted  hydrogen ;  (3)  ammonia,  as  such  and  in  combination 
with  sulphuric  acid  and  sulphuretted  hydrogen ;  (4)  other  gases  from 
chemical  works,  etc.  The  Alkali  Acts  enact  that  not  more  than  one- 
fifth  of  a  grain  of  HCl  and  four  grains  of  SO3  per  cubic  foot  should 
escape  from  the  works  into  the  air. 

Examination  of  Air  for  Particulate  Bodies. — I.  This  may  be  carried 
out  roughly  by  placing  microscope  glass  slips,  moistened  with  glycerine 
over  one  square  inch  of  surface,  in  different  situations  and  with  different 
time-exposures,  in  the  place  to  be  examined  ;  and  thereafter,  by  examin- 
ing the  slides  microscopically  with  high  and  low  powers  of  microscope. 

II.  By  Pouchefs  Aeroscope. — This  instrument  consists  of  a  funnel- 
shaped  tube  drawn  out  to  a  point  which  closely  impinges  upon  a  slip 
of  glass  moistened  with  glycerine.  These  are  enclosed  in  an  airtight 
chamber,  which  is  connected  with  an  aspirator.  As  the  water  of  the 
aspirator  runs  out  slowly,  air  passes  into  the  apparatus,  and  any  particles 
which  it  contains  are  arrested  by  the  glycerine.  The  glass  slip  is  then 
taken  out  and  examined  by  the  microscope.  Since  any  definite  quantity 
of  air  may  be  aspirated,  the  number  of  particles  in  a  given  quantity 
of  air  may  be  estimated.  For  the  estimation  of  the  number  of  micro- 
organisms in  air,  probably  the  best  apparatus  is  that  of  Hesse,  or 
some  modification  of  it.  It  consists  of  a  hollow  glass  cylinder,  one 
end  of  which  is  covered  by  a  double  indiarubber  cap,  the  other  end 
being  connected  with  an  aspirator  of  known  capacity.  The  cylinder 
is  first  of  all  carefully  sterilised,  thereafter  it  is  coated  with  sterilised 
nutrient  gelatine,  and  the  whole  is  then  sterilised  for  three  successive 
days  to  ensui-e  the  absence  of  any  contained  organisms.  The  cylinder 
is  then  mounted  on  a  tripod  stand,  and  is  ready  for  use.  The  outside 
rubber  cap  being  removed,  a  small  puncture  is  made  in  the  inner  rubber 
cap,  the  aspirator  is  started  in  action,  and  air  is  thus  slowly  drawn 
through  the  cylinder,  the  micro-organisms  being  deposited  on  the 
gelatine  coating.  At  the  end  of  the  experiment,  the  quantity  of  air 
which  has  been  passed  having  been  noted,  the  cylinder  and  contents 
are  incubated,  and  the  number  of  colonies  wliich  grow  can  then  be 
counted  with  relation  to  the  quantity  of  air  aspirated.  Instead  of 
using  a  coated  cylinder,  however,  Franldand  and  others  prefer  to  use  a 
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tube  which  contains  sterilised  sugar  as  a  packing  or  filter  for  the  arrest 
of  the  organisms,  which  at  the  end  of  the  experiment  can  be  melted  in 
sterilised  water  in  sterilised  flasks,  and  after  incubation  the  number 
of  organisms  may  be  counted. 

Another  method  is  to  expose  for  diflerent  short  periods  of  time 
the  sterilised  contents  of  Petri  capsules,  the  square  area  of  which  in 
inches  or  millimetres  is  known,  in  the  atmosphere  the  microbic  com- 
tents  of  which  it  is  desired  to  examine. 

The  methods  of  estimating  the  impure  gases  in  air  will  be  con- 
sidered when  the  subject  of  ventilation  is  considered. 

Space  in  Rejerence  to  Air-Sufply. — The  kinds  of  space  of  importance 
with  relation  to  air-supply  are  superficial  space  and  cubic  space,  and 
the  one  not  less  than  tire  other.  The  former  is  sometimes  called  floorage. 
In  dealing  with  the  dimensions  of  any  confined  space  bounded  by  walls 
and  roof  when  considering  adequacy  of  ventilation,  regard  must  be 
paid  to  both  dimensions.  Cubic  space  alone  is  not  enough,  since  it 
may  be  made  up  in  various  ways  in  a  confined  space.  For  example, 
a  room  might  be  constructed  to  contain  10,000  cubic  feet  of  air  by  very 
different  dimensions — viz. 


Length 
(a)    .        .  50 
(6)    .        .  2.5 

(c)  .        .  20 

(d)  .        .  16 


Breadth  or  Width 

X               20  •  X 

X               40  X 

X             25  X 

X             25  X 


Height     Cubic  Feet 
10  ^ 

^=10,000 

25  J 


But  when  these  proportions  are  examined  with  reference  to  habitability 
it  will  be  apparent  that  they  are  by  no  means  equally  suitable.  A 
room,  for  example,  which  was  only  20  feet  long  would  be  ridiculous  if 
25  feet  in  height,  and,  much  more  so,  if  of  a  like  height  and  only  16 
feet  in  length.  If,  for  a  moment,  we  suppose  that  such  a  room  was 
to  be  occupied  as  a  schoolroom  under  the  requirements  of  the  Educa- 
tion Act  of  1870,  which  demands  for  each  child  a  floor-space  of  8  square 
feet,  and  a  cubic  space  of  80  feet,  then  10,000-^80  will  give  the  number 
of  scholars  for  the  cubic  space  as  125.  Under  the  spacings  of  (a)  and 
(6)  the  requirements  could  be  fulfilled;  but  under  spacings  (c)  and 
{d)  they  could  not  be,  since  in  the  former  the  available  floor-space 
per  child  is  only  4  feet,  and  in  the  latter  only  2|  feet.  It  is  therefore 
clear  that  in  considering  the  dimensions  of  any  room  intended  for 
occupancy,  the  relations  between  superficial  and  cubic  space  must 
bear  a  certain  relation  to  one  another  with  special  reference  to  the 
possibility  of  adequate  ventilation.  This  is  true  of  all  rooms,  whether 
occupied  by  healthy  or  sick.  In  the  latter  case,  especially,  each  dimen- 
sion of  space  must  be  increased,  and  particularly  in  isolation  hospitals, 
where  the  minimum  superficial  space  ought  not  to  be  less  than  U4 
square  feet,  and  the  cubic  space  than  2000  feet.  The  following  tables 
show  the  cubic  space  required  by  law  per  person  in  certain  conditions 
of  life,  and  the  school  spaces  which  exist  in  different  countries. 
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Table  XXVIII 
Table  showing  Cubic  Space  allowed  by  Law 


Cubic  Space  allowed  by  Law  or  Local  Regulations 


Board.  Schools  under  Education  Act 
Board  Schools  {minimum  under  New 

Code)  .... 
General  school-rooms 
Graded  schools 

Dmidee  Board  schools — newest 
Canadian  schools 

Ordinary  dwelling-houses  in  Glasgow 
and  Edinburgh,  in  one  and  two 
roomed  houses — for  adult 

Two  cliildren  vmder  10 

Conunon  lodging-houses 
Poor  Law  for  healthy  persons 
Poor  Law  for  side  persons  . 
Barracks  .... 
Army  hospital  wards 
Army  Huts  (free  ventilation) 
Army  Hospital  . 

Canal  boats  (persons  over  twelve 
Do.         (persons  mider  twelve) 

Seamen's  cabins 

Non-textile  work-places 

Do.  Do.      (during  overtime) 


Cubic  Space 
per  Head 

Authority 

80 

Education  Act 

Education  Depart- 

100 

ment 

130 

London  School  Board 

117 

152 

Dundee  School  Board 

240 

Canadian  Govern- 

400 

400 

240-400 

300 
850-1200 
600 
1200 
400 
GOO 

60 
40 

72 

250 
400 


ment 


/Local  Municipal 
\  Authority 
/  Local  Municipal 
\  Authority 


Army  Regulations 


r Local  Government 
J  Board  Regulations 
j  under  Canal  Boats 
I  Act,  1877 
/Merchant  Shipping 
I  Act 


} 


Factory  Act,  1901 


By  the  Burgh  Police  (Scotland)  Act,  1903,  section  67  (adoptive), 
any  person  appointed  in  writing  by  the  Town  Council  of  a  burgh  may 
at  any  reasonable  time  enter  any  dwelling-house  of  not  more  than  three 
apartments  for  the  purpose  of  measuring  in  cubic  feet  the  space  contained 
therein  (exclusive  of  lobbies,  presses,  closets  and  recesses),  and  if  cubic 
contents  thereof  do  not  exceed  2400  feet  may,  in  a  manner  determined 
by  the  Council,  mark  thereon  or  affix  thereto  a  ticket  on  which  are 
marked  (1)  the  number  of  such  cubic  feet,  and  (2)  the  number  of  persons 
over  ten  years  of  age  who  may  legally  sleep  therein,  reckoning  one 
such  person  for  every  400  cubic  feet ;  defacement  or  removal  of  the 
ticket  to  be  followed  by  a  penalty.  Every  two  persons  of  less  than  ten 
years  shall  be  reckoned  as  one  person  exceeding  that  age. 


H 
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Table  XXIX 
Table  showing  School  Spaces  in  Different  Countuies 


Country 

Floor  Space  in 

Cubic  Space 
in  Feet 

Hcjuare  Foot 

Gi'eat  Britain  (Government  Code) 

10 

100  to  140 

London  School  Board  .... 

130 

Dundee  School  Board  .... 

.  . 

152 

Canada  ....... 

240 

Belgiiim  ....... 

IGO 

Belgixmi  Educational  League 

338 

Holland  (average)  ..... 

131 

„      Haarlem  (average) 

160 

Bavaria  (children  of  eight  years) 

137 

„      (children  of  twelve  years) 

197 

Dresden  .  ...... 

7 

152 

Frankfort  (Med.  Society)  .... 

15J 

300  to  325 

Basle  (Switzerland)  ..... 

I5i 

148  to  165 

Sweden  (Primary  schools)  .... 

16 

188  to  266 

„      (Higher  schools)  .... 

17  to  23 

271  to  352 

America  (New  York  City  .... 

88  to  105 

Columbia  (Commission)  .... 

15 

210 

Massachusetts  (State)  .... 

Demands  that  each  pupil 

receive  1800  cubit  feet  of 
warmed  fresh  air  per  hour 

Taken  from  a  paper  by  the  Author  on  "  The  Hj'giene  of  Schools  "  in  The 
Sanitary  Journal,  January  1895. 

Effects  of  Occupation  of  Rooms,  or  other  Confined  Spaces. — If  an 
ill-ventilated  room  be  occupied  for  two  or  more  hours,  the  following 
changes  will  be  found  in  the  composition  of  its  air  at  the  end  of  the 
term  of  occupancy — viz. 

(a)  The  temperature  will  be  raised ;   due  to  the  heat  from  the 

bodies  of  the  occupants,  quite  apart  from  any  other  source,  as 
artificial  lights  ; 

(b)  Watery  vapour  is  increased  in  quantity  ;  due  to  exhalation  from 

the  lungs  and  body-surface  of  occupants  ; 

(c)  Amount  of  carbonic  acid  gas  per  cent,  will  be  increased ; 

(d)  A  disagreeable  odour  will  be  imparted  to  the  atmosphere. 
These  facts  are  explained  in  the  following  : — An  average  male  adult 

inspires  30-5  cubic  inches  of  air  at  each  breath,  and  he  inspires  about 
Seventeen  times  per  minute ;  the  total  quantity  of  air  which  he  will 
breathe  in  24  hours  will,  therefore,  be  the  sum  of  the  following  calcula- 
tion— viz. 

30-5  X  17  X  60  X  24  =746,640  cubic  inches  =432  cubic  feet. 

Women  and  children  use  a  less  daily  amount  of  air  than  this.  The 
expired  air,  if  we  contrast  its  composition  with  that  of  fresh  air,  con- 
tains 101  times  more  carbonic  acid  gas  than  the  latter,  and  further, 
it  contains  much  watery  vapour  from  the  surfaces  of  the  air-passages, 
varying  in  different  persons  at  different  times  from  3^  to  45  ounces. 
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or  even  more  per  2-4  hours.  In  addition  to  these,  organic  debris  in  a 
state  of  incipient  putrefaction  is  given  off  from  the  breath  and  bodies 
of  the  occupants,  which  imparts  to  the  air  of  the  room  a  close,  dis- 
agreeable, or  even  foul  odour.  This  expired  air  is  thrown  out  of  the  body 
at  a  temperature  about  100°  F.  The  average  adult  gives  off,  in  ordinary 
circimistances,  at  least  -6  of  a  cubic  foot  of  COg  per  hour,  or  144  cubic 
feet  per  24  hours. 

The  amount  of  carbon  dioxide  gas  given  off  from  the  lungs  depends, 
however,  upon  a  variety  of  circumstances,  such  as  work,  or  rest,  and 
diet.  The  experiments  of  Pettenkofer  and  Voit  show  this.  The  total 
amount  of  this  gas  given  off  in  24  hours  by  a  healthy  person  at  rest 
was  716  grams,  and  by  the  same  person  at  work,  1187  grams,  at  rest  with 
ordinary  diet,  928  grams,  at  work  with  ordinary  diet,  806  grams,  at  rest 
with  rich  diet,  1020  grams,  and  at  restwith  a  nitrogen-free  diet,  839  grams. 

If,  in  addition  to  human  occupation,  artificial  lights  be  used  in  a 
room,  the  increase  of  temperature  and  of  COg  are  even  greater.  A 
gas-jet  which  consumes  about  4  cubic  feet  of  gas  per  hour  produces 
about  2  cubic  feet  of  COg  per  hour ;  and  in  like  manner  acetylene,  oil, 
and  other  iUuminants  contribute  to  the  sum  of  this  gas.  As  has  already 
been  shown,  COg  exists  in  pure  air  to  the  extent  of  -04  per  cent.  This 
is  called  the  original  or  initial  impurity.  Any  excess  over  that  figure 
in  the  air  of  a  room  represents  the  amount  due  to  respiratory  and  other 
causes,  as  artificial  lights,  and  hence  that  is  called  the  respiratory 
impurity.  Both  added  together  are  called  the  total  impurity.  The 
odour  of  the  air  of  a  room  depends  upon  the  presence  of  organic  matter, 
and  the  measure  of  its  amount  is  indicated  in  three  ways — ^viz.  (1)  by 
the  sense  of  smell  to  a  person  coming  into  the  room  from  the  fresh 
air ;  (2)  by  the  amount  of  COg  present  and  found  on  analysis ;  and 
(3)  by  direct  estimation  of  the  organic  matter  itself.  When  the  pro- 
portion of  the  respiratory  impurity  of  the  total  CO  2  in  air  is  not  greater 
than  -02  per  cent.,  no  disagreeable  odour  is  perceived,  but  above  that 
proportion  odours  become  perceptible  :  thus  -08 — i.e.  -04  initial -f- -04 
respiratory  impurity,  causes  a  stuffy  odour  ;  -10  {i.e.  -04  -1-  -06),  an  offen- 
sive odour;  and  -12  {i.e.  ■04-f-08),  a  foul,  sickening  smell.  Beyond 
this  point  the  sense  of  smell  fails  to  discriminate.  Moreover,  in 
atmospheres  containing  these  latter  proportions  of  COg,  flushings, 
faintness,  headache,  and  even  sickness  are  liable  to  be  induced.  The 
pernicious  effects  of  foul  air  are  doubtless  attributable  to  the  combined 
effects  of  excess  of  COg  and  organic  matter.  It  is  impossible  to  dis- 
criminate between  the  effects  produced  by  the  operations  of  these 
singly,  since  from  occupation  of  imperfectly  ventilated  rooms  they 
are  closely  associated  together.  Most  observers,  however,  are  inclined 
to  attribute  the  evil  effects  mainly  to  the  organic  matter  which  is 
given  off  from  the  bodies  of  occupants  of  a  room,  and  which  consists 
of  varied  materials,  partly  volatile  fatty  acids  from  the  skin  which  are 
given  off  by  the  sensible  perspiration,  and  in  certain  individuals  and 
nations  more  markedly  than  in  others,  and  also  of  intestinal  gases 
and  products  of  decomposition  from  soiled  clothing.  Of  late  years, 
however,  certain  investigators  have  arrived  at  the  conclusion  that 
these  last  are  not  so  prejudicial  to  health  as  was  believed,  and  indeed 
that  the  baneful  factors  in  impure  room  air  are  chiefly  excess  of  CO2 


116 


PUBLIC  HEALTH 


and  decrease  of  oxygen.  The  experiments  of  Haldane  and  Lorrain 
Smith  indicate  at  least  that  immediate  danger  is  caused  by  these  factors, 
but  they  do  not  in  our  view  wealven  the  conclusion  generally  held — 
viz.  that  constant  exposure  of  air  contaminated  with  organic  matter 
is  more  contributory  to  the  generation  of  lowered  health  and  disease 
than  the  presence  fer  se  of  excess  of  COg.  There  can  be  little  doubt 
that  where  persons  are  more  or  less  constantly  exposed  to  atmospheres 
containing  fractional  proportions  of  carbon  monoxide,  or  of  coal-gas,  ill- 
health,  as  exhibited  by  anaemia,  malnutrition,  and  other  symptoms, 
will  quickly  supervene,  owing  to  the  union  of  this  gas  with  the  haemo- 
globin of  the  blood,  and  to  its  crippling  action  upon  the  function  of  the 
blood-corpuscles  to  carry  oxygen  to  the  tissues.  That  organic  matter 
is  particulate,  in  part  at  least,  is  demonstrated  by  the  fact  that  articles 
of  attire  retain  the  disagreeable  odour  for  some  time  after  exposure  to 
fresh  air,  and  that  bedclothing  in  such  a  room  retains  it  for  a  very 
long  time.  The  painstaking  investigations  of  Billings,  Mitchell,  and 
Bergey,^  confirmatory  of  the  experimental  results  of  other  observers, 
led  these  observers  to  conclude,  (1)  that  in  air  expired  by  man  there 
is  no  peculiar  organic  matter  which  is  poisonous  to  mice,  sparrows, 
rabbits,  or  guinea-pigs,  and  that  it  is  improbable  that  the  minute 
quantity  of  organic  matter  expired  from  human  lungs  is  hurtful  to 
those  inhaling  it  in  ordinary  rooms ;  (2)  that  the  ammonia,  combined 
nitrogen,  or  other  oxidisable  matters  found  in  the  condensed  watery 
vapour  of  expired  air  of  man  probably  arises  from  decomposition 
of  organic  matter  in  the  pharynx  and  mouth ;  (3)  that  the  results 
should  be  more  properly  ascribed  to  the  diminution  of  oxygen  and 
increase  in  carbonic  acid  gas ;  and  (4)  that  the  cause  of  the  disagree- 
able odour  which  is  perceptible  in  ill-ventilated,  occupied  rooms  is  not 
precisely  known,  but  is  probably  due  to  volatile  products  given  ofi 
from  the  mouth  and  skin,  and  from  soiled  clothing.  In  order  to  main- 
tain health,  therefore,  it  is  essential  that  the  amount  of  CO2  should  be 
kept  as  near  -06  per  cent,  as  possible,  of  which  -04  is  initial,  and  -02 
respiratory  impurity. 

VENTILATION 

In  order  to  maintain  purity  of  air  in  inhabited  rooms  it  is  essen- 
tial, therefore,  that  the  fouled  air  should  be  got  rid  of  to  give  place 
to  the  fresh  air.  This  is  effected  by  means  of  ventilation.  The  prob- 
lem of  ventilation  consists  in  supplying  in  a  given  space  to  a  given  number 
of  persons  in  a  given  time  the  necessary  physiological  amount  of  fresh  air 
without  draught.  Physiological  requirements  indicate  3000  cubic 
feet  of  pure  air  per  hour  as  the  supply  to  be  aimed  at,  and  the  rate 
of  movement  of  the  incoming  air  must  not  exceed  1^  to  2  feet  for  delicate 
persons,  and  for  average  persons  2^  to  3  feet,  per  second,  else  draughts 
will  be  perceived.  Should  the  air  be  warmed,  however,  the  velocity 
may  be  raised  to  5-8  feet  per  second.  This  is  the  crux  of  the  problem 
of  ventilation,  and  hence  the  dimensions  of  space  per  person  in  a 
room  assume  great  importance.  When  the  Glasgow  Sanitary  (Further 
Powers)  Bill  was  before  a  Parliamentary  Committee,  it  was  contended 
^  "  The  Composition  of  Expired  Air  and  its  Effects  upon  Animal  Life,"  p.  24. 
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as  a  reason  why  the  cubic  space  per  person  should  be  raised  from  300 
to  iOO  cubic  feet,  that  the  possibility  of  ventilating  such  small  one- 
and  two-roomed  houses  might  be  realised.  As  a  matter  of  fact,  however, 
while  ventilation  might  be  improved  in  the  better  of  these  conditions 
it  could  not  adequately  be  carried  out,  as  the  following  figures  wUl  show. 
An  average-sized  one-roomed  house  contained  1060  cubic  feet.  Under 
the  previous  Act,  it  was  entitled  to  house  three  adults  and  one  child. 

As  each  adult  requires  3000  cubic  feet  of  air 

.-.  3i  adults  X  3000        .        .  =  10,500  cubic  feet. 

At  night,  with  an  ordinary  gas- 
jet  bOTning  3-4  cubic  feet  of 
gas,  the  air-supply  needed  for 

that   =  6,000 

Total         .        .        .   =  16,500  ciibic  feet  required  per  hour. 


The  air  needed  per  hour  being  16,500  cubic  feet,  and  the  cubic  capacity 
of  the  room  1060  feet,  it  is  obvious  that  the  air  of  the  room  would 
need  to  be  changed — 16,500-=- 1060 — say,  15  times  per  hour  ;  in  other 
words,  1060  cubic  feet  would  require  to  enter  in  four  minutes,  or  4-4 
feet  per  second.  This  rate  of  velocity  produces  draughts,  to  prevent 
which  the  inlet  openings  are  blocked  up  by  the  occupants.  Under 
the  proposed  alteration  to  400  cubic  feet  per  adult,  and  half  this  amount 
for  a  child  under  twelve,  the  rate  of  velocity,  all  other  things  equal, 
would  only  be  reduced  to  about  3-8  feet  per  second.  Again,  if  we 
suppose  two  rooms,  each  of  1000  cubic  feet  capacity,  to  be  occupied 
as  bedrooms  by  one  and  by  four  adults  respectively,  a  little  calculation 
wUl  show  that  in  the  case  of  the  former  the  necessary  amount  of  air 
could  be  supplied  to  fulfil  the  physiological  needs  of  the  individual 
and  without  draught,  since  the  air  would  enter  at  a  velocity  of  -8  of  a 
foot  per  second,  but  that  in  the  latter  the  supply  of  the  requisite  amount 
of  air  would  be  accompanied  by  draughts,  since  the  velocity  of  the 
entering  air  would  be  over  3  feet  per  second. 

The  amount  of  COg  being  then  a  measure  of  the  impurity,  organic 
and  inorganic,  of  the  air  of  an  occupied  place,  and  the  amount  of  this 
gas  normally  present  in  pure  air  being  known,  by  an  estimation  of 
its  quantity  in  the  air  of  any  given  room  it  is  possible  (1)  to  determine 
the  volume  of  air  which  is  being  supplied  to  the  room,  and  (2),  if  it  be 
inadequate  in  volume,  to  what  extent  the  inadequacy  prevails.  Du 
Chaumont's  formula  is  as  follows  : — 

Let  p  =  amoimt  of  CO.2  present  in  one  cubic  foot  of  piire  air  ; 

P  =  amount  of  COj  in  terms  of  a  cubic  foot  given  off  by  each  average 
person  per  hour  ; 

A  =  amount  of  air  in  cubic  feet  required,  or  introduced  per  hour,  the  same 

amount  escaping  by  outlets  ; 
TT  =  impurity  of  the  air  in  terms  of  CO2  which  results. 

Known  by  estimation  : 

p  =  -04  per  cent.,  or  -0004  CO.,  per  cubic  foot  in  pui'o  air  ; 
P  =  '0  cubic  foot  CO2  in  oxpirocl  air  per  person  per  hour. 
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From  these  factors  two  formulio  may  be  constructed  : 

1.  To  determine  the  volume  of  air  per  hour  in  cubic  feet  required  by  each 

average  person  in  order  to  maintain  respiratory  impurity  at  •02  per 
cent. 

2.  From  the  CO2  found,  to  ascertain  the  amount  of  fresh  air  which  is  de- 

Hvered  to  each  occupant  per  hour. 

For  the  first  calculation  the  formula  becomes — 

P  -6 

A  =  =  A—  =  3000  cubic  feet  per  hour. 

TT-p  -0006 --0004  ^ 

Bvit  p  being  practically  a  constant,  the  formula  may  be  shortened  as  follows — 
viz. 

A  =  ?. 
P 

A  =  ^  ^  =  3000  cubic  feet  per  hour. 
•0002    ^ 

Three  thousand  cubic  feet  of  air  per  hour,  therefore,  is  the  amount 
required  by  the  average  adult  person  to  maintain  the  total  impurity 
in  the  air  of  a  room  at  the  healthy  minimum,  in  terms  of  CO2 — viz. 
•06  per  cent.,  of  which  -04  is  original  impurity,  and  -02  respiratory 
impurity. 

Example. — A  room  of  1000  cubic  feet  capacity  is  occupied  bj^  five  adults  for 
four  hours  :  it  is  required  to  fiiad  the  total  amount  of  CO2  per  1000  vols,  of  air 
at  the  end  of  that  time,  on  the  assumption  that  during  the  time  of  occupation 
5000  cubic  feet  of  fresh  air  per  hour  have  been  supplied. 

In  this  problem  the  values  of  A,  P,  and  p  are  given,  and  what  is  required  is 
to  find  the  value  of  tt,  the  permanent  impiu^ity : 

r  cubic  capacity  of  room     .     —   1,000  feet. 
Value  of       air  supplied  dm-ing  the  time, 

[    5000  feet  x  4  hours       .     =  20,000 

Total       .     =21,000  cubic  feet. 

Value  of  P  :  0-6  X  4  =  2-4x  5  persons  =  12  cubic  feet  CO,. 

=  amovmt  of  CO  2  contributed  by 
five  persons  during  four  hours' 
occupancy. 

.•.  L  =   =  -00057  COo  per  cubic  foot  of  air  of  room,  or 

A  21,000 

=  -00057  X  1000  =  -57  parts  CO 2  per  1000  cubic  feet. 

But  p  =-4  parts  of  CO2  per  1000  vols,  of  pure  air  which  is  supplied. 
Therefore,  ir  =-57  +  -4  =-97  parts  CO2  present  in  air  of  room ;  or  the  resulting 
permanent  impurity. 

The  second  use  of  the  formula  is  to  determine  from  the  CO2  found 
the  amount  of  fresh  air  which  hds  been  delivered  during  a  given  time 
to  all  or  each  of  the  occupants  of  a  ropm  per  hour. 

Example. — The  air  of  a  room  occupied  by  five  adults  is  found  to  contain  9^7 
vols,  of  CO 2  per  10,000  vols,  of  air  :  it  is  required  to  find  the  total  amoimt  of 
fresh  air  supplied  per  hour,  and  tlie  amount  to  each  occupant. 
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The  problem  hero  is  to  find  the  value  of  A. 

A  =  ^. 
tr—p 

Value  of  P  =  0-6  X  5  =  3  cvibic  feet  of  CO.j  of  respiratory  impurity  given  off 
by  five  persons  during  one  hour  ; 
p  =  0-4  col  per  1000  cubic  feet  of  air  ;  or  -0004  per  cubic  foot. 
"     TP  =  0-97  CO 2  per  1000  cubic  feet  of  air  ;  or -00097  per  cubic  foot. 

Thfirefore  A  =  ^  =  5263  cubic  feet  for  five  persons  ; 

xnereioiB,  ^     .00097 --0004 

or,  5263  4-  5  =  1052  cubic  feet  per  person. 

Another  common  formula  in  use  is — 

r 

Where  D  =  dehvery,  or  amoimt  of  fresh  air  available  in  cubic  feet ; 
E  =  amoimt  of  CO  2  given  off ; 

r  =  respiratory  impurity  in  terms  of  CO  a  per  cubic  foot. 

The  analyses  of  Carnelly  and  others  of  the  air  of  sleeping  apart- 
ments during  early  hours  of  the  morning  show  (1)  that  the  quantity 
of  CO2  has  a  distinct  relation  to  the  amount  of  air  suppHed  to  the 
apartment.  It  amounted  from  0-79  vols,  per  1000  of  air,  where  the 
air-supply  per  head  was  between  2500  and  4000  cubic  feet,  to  0-92, 
where  the  supply  was  from  340-500  cubic  feet,  and  up  to  1-15  per  1000, 
where  the  supply  was  so  low  as  from  100  to  180  cubic  feet ;  (2)  that 
the  organic  matter,  estimated  in  terms  of  oxygen  required  per  million 
volumes  of  air,  mth  the  same  supplies  of  air  as  above,  was  5,  84,  and 
15-1  parts  per  million  respectively  ;  and  (3)  that  the  number  of  microbes 
per  1000  c.c.  of  air  was  13,  42  and  80  respectively.  These  Dundee 
experiments  make  abundantly  clear  that  in  one-,  two-  and  three- 
roomed  houses  the  impurity  of  the  atmosphere  must  operate  as  an 
important  factor  in  the  causation  of  disease  and  death. 

METHODS  OF  VENTILATION 

All  schemes  of  ventilation  are  separable  into  two  divisions,  de- 
pending upon  the  motive  power  which  originates  them.  In  the  one 
division,  the  motive  power  is  found  in  the  ordinary  forces  of  nature, 
in  the  other,  it  takes  the  form  of  some  kind  of  artificial  mechanical 
power  or  aid.  Ventilation  produced  by  the  forces  of  nature  has  been 
called  Natural  ventilation,  that  by  mechanical  or  artificial  power. 
Artificial  or  mechanical  ventilation.  The  line  of  division  must  not, 
however,  be  pushed  too  closely,  for  reasons  which  are  bound  to  emerge. 

Natural  Ventilation  is  produced  by  the  operation  of  the  following 
laws  of  gases — viz. 

(a)  By  the  law  of  diffusion  of  gases,  established  by  Graham— viz. 
'that  the  relative  velocities  of  difiusion  of  any  two  gases  are 
inversely  as  the  square  root  of  their  densities.  Taking  hydro- 
gen as-  unity,  the  density  of  COg  is  22-08,  the  square  root  of 
that  being  4-7,  whence  hydrogen  in  a  medium  like  air 
will  diffuse  4-7  times  as  rapidly  as  COg ;  in  other  words,  its 
velocity  of  diffusion  is  4-7  times  greater.    The  atmosphere, 
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Apparatus  for  experimenting  on  the  Principles  of  Ventila- 
tion. No.  1  is  an  ordinary  thin-glass  bell-jar  and  lit  candle  ; 
No.  4,  a  cardboard  funnel  to  show  production  of  up-drauglit ; 
No.  5a,  a  cardboard  box  with  small  cardboard  funnel  attached, 
both  made  airtight ;  a  small  semi-lunar  opening  being  made 
at  one  extremity  of  the  box  ;  No.  5!j  shows  the  effect  upon  a 
flame  when  Nos.  4  and  5a  are  fitted  together;  No.  G  shows 
these,  with  the  addition  of  No.  1  slightly  raised  and  standing 
on  a  box,  fitted  together.  The  last  experiment  illustrates  the 
principles  of  Ventilation  by  Exhaustion  or  Extraction.  First 
Experiment.—To  prove  that  combustion  or  respiration  will 
cease  when  air-supply  is  cut  off.  Under  the  bell-jar  (No.  1) 
place  a  lighted  candle.  The  light  goes  out  when  the  air- 
supply  of  the  bell-jar  is  used  up.  Second  Ji3yimmeiit.—F]a.ce 
the  bell-jar  on  a  flat  surface  and  raise  it  at  three  points  by 
three  pennies  or  thin  pieces  of  cork.  The  lighted  candle  will 
again  go  out,  because  there  is  no  movement  of  incoming  air 
in  the  bell-jar.  Third  Experiment. — Place  No.  4  and  No.  Ha 
in  relation  tn  one  another  as  at  No.  5b  ;  place  the  candles  as 
in  No.  4 ;  apply  a  piece  of  smoking  brown  paper,  or  a  taper 
at  the  top  of  the  smaller  funnel,  when  it  will  be  seen  that  the 
smoke  is  carried  down  the  funnel  through  the  box,  in  the 
direction  of  the  arrow  into  the  larger  funnel.  Fourth,  lix- 
pr.rimeiil.—V\!ice  the  pieces  of  apparatus  already  described  as 
in  No.  (i.  Light  one  or  more  candles  under  the  bell-jar,  and 
under  the  largo  funnel.  The  candles  under  the  jar  will  burn 
brightly,  because  a  movement  of  air  is  set  up  f^rom  beneath 
the  bell-jar,  down  the  smaller  funnel,  through  the  cardboard 
box  and  up  the  larger  funnel  ;  thus  demonstrating  that  the 
foul  air  formed  in  the  bell-jar  is  being  constantly  carried  away. 


therefore,  com- 
posed of  a  iiie- 
chanical  mixture 
of  gases,  being 
subject  to  this 
law,  tends  to- 
wards uniform- 
ity of  composi- 
tion ; 

(b)  By    the  motion 
which  is  set  up 
between  two 
columns  or 
bodies  of  air  of 
diSerent  tem- 
peratures and 
pressures.  The 
law  of  Charles  is 
that  a  gas  when 
heated,  the  pres- 
sure being  con- 
stant, increases 
in  volume  to  the 
same  extent, 
whatever  the 
gas  may  be. 
Guy  -  Lussac's 
law  is  that  the 
volume  of  one 
and   the  same 
gas  varies  with 
the  tempera- 
ture ;  and  Mar- 
riotte's  law,  that 
the  density  of 
one    and  the 
same  gas  is  pro- 
portional to  the 
pressure.  The 
amount  of  ex- 
pansion of  a  gas 
for  each  degree 
of   increase  of 
temperature  is 
at  once  definite 
and  determin- 
able.   One  vol- 
ume of  a  gas  at 
0°   C.  becomes 
1  +  -003665  at 
1°,  or,  in  other 
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words,  increases  by  -^js  P^i'^  of  its  volume ;  for  every 
degree  Fahrenlieit   above  32°,  -002,  or  -^vx  P^^'*  its 
volume.    Boyle's  law  for  pressure  is  that  the  volume  of  a 
given  weight  of  any  gas  is  inversely  as  the  pressure,  where  760 
millimetres  of  mercury  is  taken  as  the  standard  pressure, 
(c)  When  a  wind  blows  across  a  ventilating  shaft  or  a  chimney, 
or  past  a  window,  a  partial  vacuum — in  other  words,  a  reduc- 
tion of  pressure — takes  place  in  the  shaft,  chimney  or  room, 
and  a  consequent  increased  upward  or  outward  movement  of 
air  takes  place.    This  action  is  called  perflation. 
A  cubic  foot  of  air  at  32°  P.,  and  under  a  pressure  of  29-92  inches 
of  mercury,  weighs  0-081  lbs.    From  this  datum  the  weight  of  a  cubic 
foot  of  air  at  any  temperature  may  be  calculated  from  the  formula  : 

-081  ■ 
1  +  (0-00204  >^(«- 32°). 

Thus,  suppose  the  temperature  of  the  air  at  32°  F.  is  raised  to  70°  F., 
to  find  the  weight  at  the  higher  temperkture  : 

^=1^02O4x(7O-32)  =  ^  =  lf7=°;°'^^=-«''*  ^'  ^""^'^ 

Mechanical  Ventilation. — ^All  schemes  of  this  class  are  also  subject  to 
division  into  two  classes — ^viz. 

(a)  That  in  which  the  pm'e  air  is  forced  or  propelled  into  the  place 

to  be  ventilated  under  slight  pressure,  and  hence  has  been 
denominated  the  Propulsion  or  Plenum  method ; 

(b)  That  in  which  the  foul  air  is  extracted— the  fresh  air  entering  at  pre- 

pared inlets — hence  the  name  of  Extraction  or  Vacuum  Method. 

Natural  ventilation  obtains  in  the  average  ordinary  room  in  which 
the  main  available  means  of  ventilation  are  (1)  door,  (2)  window,  (3)  fire- 
place, not  to  speak  of  adventitious  chinks  in  the  flooring  and  walls  of 
the  apai-tment.  With  a  live  fire  in  the  grate,  the  two  former  act  as 
inlets,  the  latter  as  the  outlet.  A  small  grate  will  exhaust  from  the 
room  supply  fi-om  3  to  5  cubic  feet  per  second — that  is,  from  10,800 
to  18,000  cubic  feet  of  air  per  hour — and  an  ordinary  grate,  from 
5  to  8  cubic  feet  per  second,  or  18,000  to  28,000  feet.  To  supply 
these  amounts  air  rushes  in  by  window,  or  windows  and  doorways,  and 
by  any  other  available  source.  In  the  atmosphere  of  the  ordinary  room 
there  are  practically  two  strata  of  air,  the  lower  reaching  from  the 
floor-level  to  the  level  of  the  artificial  lights,  the  upper  from  the  lights 
to  the  ceiling.  The  lower  is  the  colder,  because  the  entering 
cold  air  strikes  a  line  between  doorway  and  window  and  fireplace ; 
the  upper  contains  a  column  of  relatively  stagnant  air,  which 
is,  iisually,  several  degrees  higher  in  temperature.  Where  there  is  no 
fire  in  the  room  the  heat  from  the  bodies  of  the  occupants  determines 
air-movements.  According  to  the  law  of  temperature  of  gases,  the 
rate  of  velocity  of  inflow  of  air  into  the  room  is  relative  to  the 
difference  between  the  temperature  of  the  outside  and  inside  air ;  the 
greater  the  difference,  the  higher  the  velocity. 

Methods  by  which  Room  Ventilation  may  be  improved. — Dift'erent 
methods  have  been  suggested  whereby  the  entrance  of  fresh,  and  the 
exit  of  foul,  air  may  be  rendered  more  uniform  and  more  certain. 
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Fio. 


■Window  Ventilation 


These  have  been  applied  to  {a)  Windows,  (b)  Walls,  and  (c)  Chimney 
of  the  room. 

Windoio  Ventilation. -^Thc  plan  of  Hinckes-Bird  is  very  simple, 
and  may  be  applied  to  any  sash  window.  It  consists  in  placing  at  the 
bottom  of  the  window  a  block  of  wood  of  the  exact  width  of  the  sash, 

and  which  may 
vary  in  thickness, 
on  which  the  lower 
sash  will  rest.  This 
causes  the  sashes 
to  be  separated  at 
their  junction,  and 
enables  air  to  pass 
from  without  in- 
wards by  the  space 
created.  (Figs.  7 
and  8.) 

Another  method 
is  to  affix  a  metal 
plate  of  zinc  along 

hinged  frame  in  upper  part  of  the      top      of  the 

upper  sash.  wiudow,  which  en- 

ables the  upper  sash 
to  be  pidled  down 
sufficiently  to  pro- 
duce an  interspace 
at  the  junction  of 
the  sashes.  Other 
methods,  ■  such  as 
holes  in  the  lower 
part  of  the  upper 
sash,  perforated 
panes,  and  double- 
glazed  panes,  where 
the  outer  pane  has 
a  bottom  gap  and 
the  inner  an  upper 
gap,  have  been  sug- 
gested, but  they 
are  objectionable 
in  smoky  atmo- 
spheres, because  of 
"  smuts  "  and  dust 
collecting  in  the 
interspaces  or  openings.  Double-sashed  windows  have  also  been  tried. 
Better  methods,  however,  are  those  by  which  Moore's  louvre,  or  circular 
glass  ventilator,  is  fitted  into  the  window-frame  as  a  substitute  for  a 
pane. 

Another  excellent  method  is  to  substitute  for  the  upper  half  of  the" 
window,  or  a  part  of  it  if  large,  Hatton's  hopper  window-ventilator. 
This  not  only  serves  the  purpose  of  a  window-sash,  but  acts  as  a  ven- 


Fio.  7.— Mode  of  Ventilation 
by  Window.  yl,  glass-plate 
on  inside  of  lower  sash  to 
prevent  direct  draught ;  C, 
direction  of  incoming  air 
from  beneath  open  lower 
sash ;  T),  raised  part  of 
lower  sash,  forming  inter- 
space at  .junction  of  sashes 
and  direction  of  incoming 
ail'. 


Fio.  9.— Mode 
of  Wall  Ven- 
tilation, by 
hi7iged  perfo-  . 
rated  wooden 
brick.  By 
o  p  e  n  i  n  g  o  r 
closing  brick 
the  amount  of 
entering  air 
can  be  regu- 
lated, while 
when  closed, 
ventilation 
proceeds  by 
the  air-holes. 


AIR  AND  VENTILATION 


123 


tilator,  and  when  so  acting,  not  only  prevents  dii-ect  draught,  but  screens 
the  air  from  particles.  mi     .  n 

Other  methods  are  applicable  to  the  sashes  themselves,  ihe  tollow- 
ing  figures  show  some  suggested  by  the  writer.    (Fig.  11.) 

The  above  are  photographs  of  four-feet-long  worldng  models.  Fig. 
A  may  be  made  to  act  as  an  ordinary  sash  window,  or  the  upper 
sush  maybe  made  to  act  as  a  hopper-ventilator,  as  shown  in  the  figure, 
or  the  lower  sash  as  a  hinged  window,  as  in  Fig.  B.  This  is  attained 
by  sunk  movable  hinges  in  the  side  of  window-frame.  By  means  of 
these  movements,  difiering  amounts  of  ventilation,  depending  _  upon 
outside  weather  conditions,  may  be  obtained,  and  besides,  the  window 
may  be  wholly  cleaned  by  a  domestic  from  the  interior  of  the  apartment. 

One  of  the  best  forms  of  ventilating  windows  for  institutions,  such 
as  hospitals,  unions,  hotels,  schools,  etc.,  which  has  been  devised  during 


Fig  10  — Hatton's  Hopper  Window- Ventilator.  The  amount  of  mooniing 
air  is  regulated  by  the  extent  of  opening  the  hopper,  and  is  screened  ot 
soot  particles  by  the  Hne  copper  gauze  shown  at  top  of  figure,  llus 
soot  is  brushed  away  by  the  brush  seen  working  against  the  gauze. 

recent  years  is  the  Chaddock  window.  The  principle  of  the  window 
is  that  all  its  parts  are  controlled  by  a  single  action,  and  the  degree  of 
ventHation  desired  may,  therefore,  be  regulated.  The  opening  and 
shutting  of  its  sashes  are  worked  by  a  rotatory- acting,  removable  handle. 
When  the  handle  is  turned,  the  first  effect  is  to  open  gradually  the  upper 
sash  as  a  louvre  or  hopper  to  any  degree  required,  and,  by  continuing 
the  rotation  of  the  handle,  to  cause  the  larger  lower  sash  to  swing 
open  on  its  central  pivot.  By  the  one  movement,  therefore,  the  amount 
of  ventilating  space  opened  is  completely  under  control,  nor  can  the 
position  of  the  window  now  be  changed  if  the  key-handle  be  removed. 
From  a  carefid  examination  of  the  mechanism  of  the  window,  and 
inspection  of  it  after  use  in  a  school  for  over  a  year,  its  advantages 
would  seem  to  be  as  follows  :— (a)  the  controlling  movement  is  easy 
to  work  ;  (6)  all  the  opening  movements  of  the  sashes  are  regydated  and 
controlled  by  the  one  and  the  same  action ;  (c)  the  ventilation  of  any 
room  can,  therefore,  be  adjusted  to  suit  different  conditions  of  weatlier; 
((/)  cleaning  of  the  window  is  accomplished  from  the  interior  of  the 
room  ;  and  (e)  the  parts  of  the  window  are  wcathertight.    (Fig.  12.) 
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Wall  Venlilalion. — The  special  forms  of  ventilators  apj)licable  to 
outside  walls  of  apartments  are  :  («)  Slicringliara's  valve  ;  (6)  Hatton's 
screen  valve ;  (c)  Tobin's  tube.    Placed  in  an  outer  wall,  the  one  end 
communicates  with,  tlie  outer 
air,  the  other  with  the  interior 
of  the  room.     In  the  two 
former,  the  amount  of  entering 
air  is  regulated  by  the  extent 
to  which  the  hopper  is  opened; 
in  the  latter,  by  a  screen  in 
the    throat    of    the  tube. 
(Figs.  13,  14.) 

Tobin's  tubes  are  of  various 
forms.  Their  internal  opening 
is  placed  from  six  to  seven 
feet  from  the  floor.  Some 
possess  a  drawer,  containing 
cotton  wool  for  the  purpose 
of  filtering  the  incoming  air. 
(Figs.  15,  16.) 

Chimney  Ventilation. — Dr 
Ai-not,  seeing  the  motivepower 
which  existed  in  the  heated 
air  of  the  chimney  for  ex- 
tracting the  foul  air  from  the 
upper  levels  of  a  room,  was 
the  first  to  place  in  the  wall 
of  a  room  a  valvular  opening 
which  connected  the  interior 
of  the  room  with  that  of  the 
chimney.  (Fig.  17.)  Owing, 
however,  to  the  defective 
character  of  the  fittings  which 
permitted  soot  to  be  driven 
into  the  roorn  by  back- 
draughts  in  the  flue,  it  was 
for  a  long  time  given  np. 
But  when  workmanshi|p  im- 
proved and  valves  of  mica 
were  used,  the  chimney  valve 
was  revived.  Those  of  Boyle 
and  Buchan  are  in  common 
use.  The  valves  are  so  con- 
structed that  they  only  per- 
mit of  air  passing  from  room 
to  chimney,  consequently 
they  act  only  as  outlets. 
Such  a  ventilator,  when  well  fitted,  is  a  most  efficient  and  useful  outlet, 
and  its  position  is  just  where  an  outlet  is  most  needed. 

But  methods  have;  been  devised,  with  some  success,  to  utilise  the 
spent  heat  of  the  fireplace  itself  as  a  means  of  supplying  frosh  warmed 


Fig.  12.— Tho  Cliaddock  Window.  By  turning  the 
liaiullo  of  tlie  lever  N,  the  louvre  or  hopper  sash 
at  top  of  window,  U,  A  is  opened  by  tho  action  of 
the  rod  C  to  any  angle  desired,  and  is  llxed  in 
position.  The  sash  may  be  litted  as  a  hojjper, 
as  in  A,  or  as  a  louvre,  as  in  B.  By  turn- 
ing the  lever  handle  still  further,  the  lower 
sash  of  the  window  may  be  swung  open,  when 
the  room  may  he  Hushed  with  air ;  and  by 
still  further  turning  tho  lever,  this  sash  may  be 
swung  into  a  position  at  right  angles  to  the 
window-frame.  The  whole  window  may  bo 
closed  weathertight  by  reversing  the  movement 
of  tlie  Ievor-han(ll(!. 
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ail-  to  a  room.  By  moans  of  a  special  duct  which  either  surrounds, 
or  is  in  close  proximity  to,  the  source  of  heat,  the  ingoing  fresh  air 
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Fiu.  13.— Slieriiigliam'.s  Valve. 


Fig.  14. — Hatton's  Screen  Valve.  In  this 
valve  the  air  is  screened  on  entering 
by  means  of  line  copper  gauze,  and  tlie 
gauze  is  kept  clean  of  i)articulate  matter 
by  a  brush  which  works  on  the  gauze  as 
the  valve  is  opened  and  shut. 


Fid.  l(i.— Another  form  of  Tobin'.s 
Tube.  This  is  shorter  than  Fig. 
l."),  and  is  based  on  the  principle 
that  a  current  of  air  passing  in  a 
conliiied  channel  from  a  narrow 
point  to  a  broader  loses  velocity. 
In  this  form  of  tube,  although 
air  may  bo  entering  rapidly  at 
the  contracted  throat,  it  lias  lost 
all  its  harmful  elfecls  before  it 
reaches  the  broader  part  at  the 
top  of  the  tube. 

is  warmed,  and  is  passed  into  the 
the  ceiling,  in  the  wall,  or  close  to 


Fig.  15.— Tobin's  Tube.  By  means  of 
the  opening  at  A,  the  tube  may  be 
periodically  cleaned,  and  by  means 
of  the  handle  on  the  right  side  of 
the  tube,  which  acts  on  a  valve  in 
the  throat  of  the  tube,  the  amount 
of  incoming  air  may  be  regulated. 


Fio,  17.— Chimney  Valve.  li,  Jl, 
inner  wall  surface;  A,  A, 
valve-box  ;  C,  chimney.  The 
arrows  indicate  direction  of 
currents  of  air. 

apartment  either  at  the  level  of 
the  fireplace.    Of  these  Galton's 
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stove,  George's  calorigen,  Bond's  thermohydric  stove,  and  the  Canadian 
school  stove  may  be  considered  as  types.    (Figs.  21,  22.) 

For  single-storeyed  buildings,  as  churches,  halls,  schools,  and  other 
large  buildings,  or  for  apart- 
ments in  the  uppermost  storey, 
roof  ventilators  have  been  de- 
vised, and  the  system  has  come 
to  be  known  as  Roof-Ridge  or 
Coivl  Ventilation.  These  roof- 
ridge  appliances  are  either  fixed 
or  movable,  and  depend  for 
their  ventilating  action  upon 
the  difference  in  pressure  inside 
and  outside  a  building,  caused 
by  the  wind  passing  by  and 
through  them.  (Fig,  23.)  From 
the  roof-ridge  ventilator  passes 
downward  to  the  roof  or  ceiling 
of  the  building  a  shaft,  which 
contains  in  its  throat  a  valvular 
arrangement  with  sUk  valves 
which  acts  only  in  one  direction 
— viz.  toward  the  open  air.  The 
merits  of  this  system  of 
cost  of  installation ;  (2) 


Fig.  18. — Ventilation  of  Room.  Air  enters  at  bot- 
tom of  wall  on  right  of  figure,  where  it  is  washed 
by  a  rotatory  spray  of  water,  and  passes  into  the 
room  by  a  Tobin's  Tube.  The  foul  air  is  extracted 
by  a  hollow  tube  in  the  ceiling  above  the  gasalier, 
the  heat  of  the  gas  being  the  extractive  motive 
power. 


ventilatibn  are  (1)  its  comparatively  cheap 
its  automatic  action ;  and  (3)  its  efficiency 
under  suitable  circumstances. 
Since  in  this  country,  barring 
very  exceptionally  short  in- 
tervals of  time,  the  wind 
seldom  moves  with  a  less 
velocity  than  20  miles  an 
hour,  the  perflating  action  is 
likely  to  be  sufficient,  provided 
the  capacity  of  the  ventilating 
shaft  is  adequate  for  the  place 
to  be  ventilated.  The  chief 
objections  which  may  be  urged 
against  the  system  and  the 
mode  of  installation  are  these  : 

(1)  its  inconsistent   action ; 

(2)  derangement  of  the  valves 
from  clogging  with  dust, 
and  thus  permitting  down- 
draughts  ;  (3)  the  insufficient 
size  of  the  ventilating  shaft 
for  the  work  it  is  expected  to 
perform.  The  following  figures 
show  the  modus  operandi  of 
the    ventilator    and  shaft. 

(Figs.  21,  25.)  Such  cowl  arrangements  have  largely  superseded  the 
use  of  Mackinnel's  tube,  which  is  fitted  on  the  roof-ridge  like  the  fore- 


Fio. 


19.— Tobin  Tube  and  Sliering- 
ham  Valve  in  position. 
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Fi'f.  20.— Other  modes  of  voiililatiiig  rooms. 
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going,  but  differs  from  them  in  that  it  consists  of  two  tubes,  one  inside 
the  other,  which  pass  downwards  to  the  ceiling-level.  The  inner  tube, 
which  outside  projects  above  the  outer,  and  inside,  below  it,  serves  as 
the  outlet  shaft  for  foul  air.  At  the  ceiling  end  of  the  inner  tube  is  a 
broad  flange  or  rim  which  is  intended  to  deflect  along  the  ceiling  the 
cold  air  passing  downward  by  the  outer  tube  before'  it  falls  into  the 
apartment.  In  order  that  this  apparatus  should  do  the  work  in- 
tended, the  sectional  area  of  the  space  between  the  inner  and  outer 
tubes  must  be  equal  to  that  of  the  inner  tube.  In  buildings  such 
roof-ridge  apparatus  may  be  made  to  act  as  an  outlet  ventilator  when 
it  is  most  required,  by  lighting  a  sun-light  gas  burner  or  Bunsen  flame 
placed  almost  immediately  beneath  it. 

From  a  consideration  of  these  methods,  it  will  be  observed  that 


Fic.  21.— To  illustrate  one  form  of  Fio.  22.— Another  form    of   supplying  fresh 

warming  fresh  air  by  a  stove  warmed  air  to  a  room.   Section  of  Stove, 

before  admission  to  a  building.  (Rossie  and  Russell's  Centre  Grate.) 


ventilation  may  be  efiected  by  natm'al  forces  solely,  or  by  these  aided 
by  artificial  openings.  It  will  further  be  perceived  how  unwise  it  would 
be  to  make  the  line  of  division  between  natural  and  artificial  ventila- 
tion too  arbitrary. 

Mechanical  Ventilation. — It  may  be  said  that  ventilation  of  large 
buildings  of  complex  design  cannot  be  effected  without  recourse  to 
some  form  of  mechanical  ventilation,  and  that  in  the  employment  of 
any  such  scheme  warming  of  the  air  to  be  supplied  must  form  an  essential 
and  integral  part.  When  these  are  combined,  and  when  the  scheme 
is  installed  as  part  of  the  architect's  or  ventilator's  design  during  the 
construction  of  the  building,  adequate  quantities  of  warmed  air  may 
be  supplied.  In  populous  places,  whatever  be  the  scheme  employed, 
it  is  essential  that  the  air  to  be  supplied  must  be  screened  as  free  as 
possible  of  particulate  matter.  In  the  system  of  ventilation  adopted 
in  the  chemical  laboratory  of  University  College,  Dundee,  the  air  is 
screened  by  being  passed  through  jute  cloth  Avhich  is  stretched  on  frames 
seventeen  feet  long  by  four  in  width.    During  seven  weeks'  opera- 
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tion,  the  amount  of  particulate  matter  arrested  on  the  screens  weighed 
2.y  pounds.  Where  such  screening  is  not  employed,  much  particulate 
matter  is  swept  into  the  ventilating  ducts  and  the  apartments.  Any 
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Fio.  28.— Forms  of  Ventilating  Cowls. 

one  acquainted  with  a  large  library  or  museum,  where  in  the  ventilating 
apparatus  screening  of  the  air  does  not  prevail,  knows  the  huge  amount 
of  impalpable  fine  dust  which  collects  on  books  and  objects  of  interest. 
Schemes  of  mechanical  ventilation  arc  divisible  into  (1)  those  in 
1 
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which  fresh  air,  washed  and  warmed,  or  warmed  without  washing 
and  screened  dry,  is  propelled  into  the  building,  and  the  foul  air  driven 
out  by  special  ducts  or  channels  ;  and  (2)  those  in  which  the  foul  air 
13  extracted,  the  fresh  air  entering  by  inlet- channels  to  fill  its  place. 

In  the  former  sjstem— Plenum  System~th.e  motive  power  acts  at 
the  beginning  of  the  air  circuit,  and  in  the  latter  at  its  end.    In  the 


Fig.  24.— Buchan's  Induced  Current  Fixed  Ventilator.   A,  Ridge   Ventilator.     A,  Valve- 

Valve-box ;    B,  Fixed  Ventilator ;    C,    Silk  Valve ;  box ;  B,  Fixed  Ventilator.  E, 

L,  Shaft;  H,  Grated  opening  in  ceiling  of  building;  Air-sliaft.      Arrows  indicate 

J-J,  Coiling.  direction  of  air-cun-ent. 


former,  the  motive  power  must  be  some  form  of  mechanical  force,  such 
as  a  fan ;  in  the  latter,  it  may  be  a  fire  or  a  furnace  in  connection  with 
a  tall  shaft,  or  a  fan.  Much  has  been  written  of  the  respective  merits 
of  both  systems.  From  careful  observations  of  both  systems  during 
some  years,  we  believe  efficiency  to  be  on  the  side  of  the  propulsion 
or  plenum  system,  because  of  the  reliability  and  steadiness  of  its  action. 
In  the  plenum  system  originated  by  Key,  the  air  is  first  washed  and 
screened,  is  warmed,  and  is  then  propelled  into  the  various  rooms 
of  the  building.    The  washing  is  eilected  by  causing  the  air  to  pass 
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through  a  closely  woven  screen,  composed  of  copper  wire  and  fibre 
which  is  constantly  kept  trickling  wet  from  a  trough  at  its  upper  edge, 
the  water  in  which  is  kept  from  freezing  in  winter  by  a  steam-coil ; 
the  heating  by  coils  of  steam-piping  behind  the  screen,  and  by  sub- 
sidiary coils  in  the  basement  ducts  ;  and  the  propulsive  power  by 
a  large  fan.  In  order  to  make  the  system  effective,  the  doors  to  each 
apai-tment  must  be  doubled,  the  windows  kept  closed,  and  there  must 
be  no  chimneys  in  the  rooms.  Of  both  this  and  the  extraction  system 
it  may  indeed  be  said,  that  the  nearer  the  building  to  be  ventilated  is 
kept  liked  a  closed  box  with  only  two  sets  of  openings,  the  more  efficient 


FiG.  20. — Working  parts  of  Plenum  System  of  Ventilation  by  which  the  air 
is  screened,  washed,  warmed  and  propelled  into  the  building  to  be 
ventilated. 


is  the  ventilation.  In  the  plenum  system,  the  warmed  air  enters  each 
apartment  near  the  ceiling-level,  and  after  it  has  served  the  needs 
of  the  occupants,  the  fouled  air  passes  out  by  outlets  placed  at  or  near 
the  floor-level.  This  it  does  by  virtue  of  the  measure  of  pressure 
with  which  it  is  propelled.  This  system  is  in  operation  in  various  large 
buildings  in  Glasgow,  in  the  Birmingham  General  Infirmary  and 
elsewhere.    (Fig.  26.) 

The  advantage  of  wasliing  the  air  free  of  particulate  matter  is  seen 
especially  in  foggy  weather ;  whereas  outside  the  building  the  fog 
may  be  so  dense  that  objects  a  few  yards  off  cannot  be  descried,  in- 
side, the  atmosphere  is  perfectly  clear.    Not  only  so,  but  bacteriological 
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examination  of  tlie  air  of  buildings  so  treated  abundantly  shows  that 
micro-organisms  also  are  arrested  in  the  process  of  air-washing,  judging 
by  the  great  difference  in  numbers  of  those  in  the  inside  and  outside 
air  respectively.^  In  some  modern  buildings  of  somewhat  complex 
design,  a  combination  of  the  plenum  and  vacuum  systems  has  been 


SYSTEM  OF  WARMING  &  VENTILATION 
THE  HOUSE^GF  COMMONS. 


I5000UO    CUBIC  FEET    0'  HlB  EXTRICTED    F'tR  HOUR 

Fia.  27. 

introduced,  the  plenum  fan  driving  the  fresh  air  into,  and  a  vacuum  fan 
pulling  the  fouled  air  out  of,  the  various  rooms  by  means  of  a  common 
duct. 

In  the  Extraction  or  Vacuum  system,  the  extracting  power  is 
either  a  furnace  connected  with  a  tall  flue,  steam  jets,  steam-  or  hot- 
water  coils  placed  in  the  extraction-flue,  or  a  fan  operated  by  a  gas- 
»  Jour.  San.  In.ilit.,  vol.  xix.,  p.  043 ;  ibid.,  vol.  xxi.,  p.  273  ;  ibid.,  vol.  xxii., 
p.  24. 
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entwine,  or  by  electricity.  In  tlie  House  of  Commons,  ventilation  is 
accomplished  by  the  first  mode,  aided  by  propulsion.  The  incoramg 
air  is  forced  by  fans  along  ducts  to  the  basement,  where  it  is  warmed 
when  necessary  by  being  passed  over  steam-coils,  the  heat  being 
regulated  by  covering  and  uncovering  certain  of  the  coils  with  woollen 
cloths.  The  warmed  air  then  passes  up  shafts  into  the  space  below 
the  floor  of  the  House,  and  after  being  fouled,  passes  through  the 
perforated  glass  ceiling,  and  thence  by  ducts  to  the  basement  of  the 
clock-tower,  where  by  the  action  of  a  furnace  it  is  driven  up  the  shaft 
or  flue.    (Fig.  27.)  . 

Glover  Lyon  ^  has  suggested  and  advised  a  method  of  ventilation 
devised  by  Cadett  and  himself  in  which  the  principles  of  both  plenum 
and  vacuum  systems  are  utilised,  by  which  he  affirms  that  the  air  in 
rooms  is  maintained  at  nearly  atmospheric  pressure,  the  need  for 
keeping  rooms  airtight  is  avoided,  and  the  sensation  of  stuffiness 
of  air  removed. 


The  points  to  be  noted  in  connection  with  any  mechanical  sclieme,  he  urges* 
are  these  :  (1)  Thafc  air  entering  a  room  in  a  given  direction  has  a  tendency  by 
reason  of  its  momentum  to  pass  in 
the  same  direction — that  is,  the  im- 
pulse of  inlet  ;  (2)  that  air  flowing  in 
a  room  seeks  the  channels  of  least  re- 
sistance— that  is,  toward  free  aper- 
tures or  outlets  —  the  impulse  of 
outlet ;  (3)  that  air  introduced  into 
ii.n  occupied  room  is  heavier  than  the 
existent  air,  and  hence  tends  to  fall — 
the  internal  fall ;  (4)  that  vitiated, 
warmed  air  tends  to  diffuse  itself 
equally  in  an  occupied  room — internal 
diffusion ;  and  (5)  that  vitiated, 
warmed  air  tends  to  rise — internal 
ascent.  Mechanical  ventilation  must 
depend  upon  the  first  two  factors 
therefore — viz.  impulse  of  inlet,  and 
impul3(i  of  outlet ;  and  the  more  Fia.  28. 
active  these  impulses,  the  less  oppor- 
tunity is  there  for  the  other  factors 
to  operate.  Lyon  characterises 
Key's  system  and  tliat  of  Sturtevant, 

which  are  plenum  schemes,  as  schemes  merely  for  the  dilution  of  foul  air,  and 
the  extraction  svstom  as  a  failure,  in  that  it  causes,  in  order  to  be  effective, 
intolerable  draughts.  His  scheme  he  declares  to  be  a  compromise  between 
those,  and  is  intended  to  effect  tlie  convection  of  fresh  air  as  directly  as  possible 
to  the  occupants  of  a  room  and  the  extraction  of  the  vitiated  air  from  the 
highest  parts  of  the  room  which,  he  avers,  are  the  foulest.  In  order  to  ensure 
the  efficiency  of  the  scheme,  large  inlets  and  outlets  are  required,  the  lat.er  of 
which  should  be  well  ilistributed  over  the  room  wall,  so  )is  to  prevent  "  slmrt- 
circuits  "  of  air  from  inlet  to  outlet.  In  the  scheme,  the  fresh  air  is  admitted 
iijto  the  room  by  c  conduit  which  is  placed  just  above  or  below  the  floor  near 
the  wall.  A  tapering  longitudinal  slot  is  made  along  the  top  of  this  conduit, 
and  baffie-plates  are  placed  across  the  slot.    It  is  contended  that  when  air 


Davidson's  Scirocco  Patent  Fan.  It  is 
claimed  tliat  owing  to  tlie  propeller-like  sliape 
of  its  blades  a  larger  amount  of  air  per  equal 
number  of  revolutions  is  propelled  than  by 
fans  of  different  shape. 


1  Jour.  San.  Instit.,  vol.  xix.,  p.  56-1;  ibid.,  vol.  xx.,  part  iv. 
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under  velocity  is  forced  into  the  end  of  the  conduit  wliere  tlio  slot  is  widest, 
when  it  roticho.s  tlie  narrowest  part  of  tlio  slot,  it  will  be  converted  into  a,n  even 
stream  of  air  whicii  will  flow  up  the  wall,  since  its  momentum  i.s  changed  into 
pres-sure,  by  reajon  of  the  baffle-plate.'H  and  the  narrowed  slot.  If,  "then,  a 
screen  of  wire  gauze  is  placed  above  the  slot  and  made  to  roach  from  floor' to 
cedmg,  the  sheet  of  air  flowing  between  the  wall  and  the  screen  will  be  sub- 
divided into  a  volume  of  air  issuing  evenly  from  the  screen.  The  incoming 
air  may  be  screened,  wa-ihed  and  warmed  as  in  the  plenum  method  if  neces- 
sary. At  the  outlets,  a  similar  conduit  is  used,  but  the  arrangement  of  the 
•slot  is  reversed — that  is,  the  widest  part  of  the  slot  is  at  the  room  end  of  the 
conduit.  This  system,  which  has  not  yet  been  applied  to  the  ventilation  of 
occupied  rooms,  is  to  be  worked  in  such  by  means  of  perforated  panels  set  in 
the  room  walls  as  outlets  aad  inlets,  and  at  a  level  corresponding  to  about  the 
middle  throe-quarters  of  the  wall,  having  a  dado  below  them  and  a  frieze 
above.  This  may  be  one  of  the  many  schemes,  more  or  less  elaborate,  which  are 
established  on  sufficiently  well-founded  bases  to  give  theoretically  excellent 


Fin.  29.— The  Blackman  Fan.  Fig.  oU.~The  Sun  Fan. 


results,  but  which  are  either  impracticable  or  break  down  when  practically 
applied. 

The  new  operating  theatre  of  the  Central  London  Throat  and  Ear  Hospital 
is  ventilated  by  the  Glover-Lyon  system.  The  air  is  taken  from  above  the  roof 
of  the  theatre  at  a  point  most  likely  to  be  free  from  dust  and  smoke,  and  is 
passed  through  a  perforated  zinc  screen  which  arrests  small  particulate  matter. 
The  air  is  thrown  down  by  a  noiseless  propeller  fan  upon  a  series  of  electric 
heat  lamps  which  are  controlled  by  switches.  After  being  so  heated,  the  air 
is  thrown  along  the  wall  at  a  point  below  the  ceiling-level  behind  two  screens 
through  which  evenly  and  at  slow  velocity  it  passes  into  the  room  atmosphere. 
It  then  passes  across  the  room  in  a  horizontal  direction  towards  an  outlet  in 
the  ceiling  at  the  opposite  side  of  the  room,  which  outlet  is  pro\-ided  also  with 
£j  fan  which  draws  the  fouled  air  out  of  the  room  and  propels  it  into  the  open 
air.  The  capacity  of  the  supply  fan  is  a  little  greater  than  that  of  the  exhaust 
fan,  so  that  when  the  system  is  in  operation  tlie  room  air  is  in  a  state  of  slight 
plenum,  thus  preventing  air  entering  by  doors  or  window  crevices.  The 
theatre  is  heated  by  three  hot-water  radiators. 

The  ventilation  of  mines  is  accomplished  by  extraction.  In  mines 
over  a  certain  size  there  must  be  two  shafts.  Between  these  arc  the 
workings,  which  are  so  partitioned  that  the  fresh  air  from  the  one  shaft 
must  pass  through  them  before  the  air,  fouled  in  its  course,  passes 
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out  by  the  other.  In  the  outlet  or  upcast  shaft  the  motive  power  is 
either  a  fire  or  a  fan,  most  commonly  the  latter. 

This  extraction  principle,  besides,  has  been  found  of  the  greatest 
service  as  applied  to  the  working  benches  of  certain  occupations  m 
which  the  workers  are  exposed  to  danger  to  health  or  life,  either  from 
the  nature  of  the  material  worked  with,  or  from  particulate  matter  of  a 
niicrobic  character,  as  the  anthrax  bacillus  in  wool-  and  hair-sortmg. 
By  means  of  openings  connected  with  a  powerful  extracting  current, 
dust  and  particulate  matter  are  drawn  away  from  the  workmen  into  the 
extract  shaft.    In  such  operations  as  these,  air-propellers,  blowers. 


s  \  I  I  i  ; 


Fio.  31.  —  Drysdale  and  Hayward's 
combined  system  of  Heating  and 
Ventilation.  The  incoming  fresh 
air  is  warmed  in  the  basement,  and 
is  passed  throngh  the  diflerent 
rooms  by  inlet-channels.  By  out- 
let-openings the  foul  air  passes 
from  the  rooms,  etc.,  and  these 
converge  in  the  chamber  F  in  the 
roof,  whence  the  foul  air  is  ex- 
tracted by  the  extracting  force  of 
the  heat  of  the  kitchen  fire  by 
■  means  of  an  air-shaft  which  en- 
circles the  smoke-Hue. 


Fig  32  — Eenton  Gibb's  method  of  Heating  and  Venti- 
'lation  The  central  hall  and  stairway  forms  a  reser- 
voir of  fresh,  warmed  air  from  which  the  rooms  on 
the  different  landings  are  supplied.  By  means  of 
extraction-shafts  from  each  room,  the  foul  air  is  con- 
veyed to  a  foul-air  chamber  in  the  roof,  whence  by 
means  of  a  ventilating  turret  it  is  ijassed  into  the 
open  air. 


and  fans  perform  most  useful  service.  They  can  be  used  with  much 
advantage,  moreover,  as  extractors  of  foul  air  from  large  rooms  or 
buildings,  and  when  they  can  be  had  to  act  almost  noiselessly,  pertorm 
excellent  service.  Small  fans  may  be  actuated  by  water-power  or 
electricity,  larger  ones,  by  a  gas-engine  or  by  electricity.  (J^igs.  /y 
and  30.)  ,     .     ^    ^    ,  o 

Air-suvvly  and  VentUation  for  Animals  m  Conpied  iipaces.-- 
The  Dairies,  Cowsheds,  and  Milk-Shops  Order  of  1885  deals  with  the 
ventilation  of  cowsheds  as  follows  :-Article  7.  (1)  "  Construction  of 
New  Dairies  and  Cowsheds.  It  shall  not  be  lawful  for  any  person 
following  the  trade  of  cowkeeper  or  dairyman  to  begin  to  occupy  as 
a  dairy  or  cowshed  any  building  not  so  occupied  at  the  commence- 
ment of  this  Order,  unless  and  until  he  first  makes  provision,  to  tlie 
reasona  ble  satisfaction  of  the  Local  Authority,  for  the  lighting  and 
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the   ventilation   including   air-space,  and   the    cleansing,  drainage 

fo^  c-'^^  '""^^PP^      ^^'^  '^^^^^  occupied  as  a  dairy  or  cowshed  " 

(Z)  buch  person  shall  give  one  month's  notice  in  writing  to  the  Local 
Authority  before  occupying  any  such  building.    Article  13  gives  power 

mf    n     4^*1^0J^ity     make  regulations  respecting  the  foregoing. 

The  Scottish  Local  Government  Board  issued  in  1899  a  Circular 
respecting  tuberculosis  founded  on  The  Dairies,  Cowsheds  and  Milk- 
^^ToP'^^f.o!  ^^''^  "^""''^  "disease"  in  the  previous  Orders 

t  X?    ^        •  ^^'^^^     ^^^^       meaning  given  to  it  in  Section  5 

ot  the  Contagious  Diseases  (Animals)  Act,  1878.  But  the  Order  of 
1899  extended  its  definition  to  include  tubercular  disease  in  cattle,  and 
to  exclude  or  prevent  the  milk  from  a  tubercular  animal  being  sold  or 
used  for  human  food.  Article  13  of  Order  of  1899  gives  the  Local 
Authority  power  to  inspect  milch  cows  in  dairies.  In  this  circular, 
the  Board  invite  the  attention  of  Local  Authorities  in  framing  regula- 
tions under  Article  13  of  the  Order  of  1885  to  the  recommendations 
of  the  Royal  Commission  on  Tuberculosis  of  1895,  respecting,  inter 
alia,  floor-space  and  cubic  space  for  cattle  in  a  dairy — viz. 
A  minimum  floor-space  of  50  feet  to  each  adult  beast. 

"  A  minimum  cubic  space  of  from  600  to  800  cubic  feet  for  each 
adult  beast,  varying  according  to  the  average  weight  of  the 
animals  "  ; 

and  recommended  that  the  minimum  floor-space  should  not  be  less 
than  50  feet  in  all  cases.  They  also  pointed  out  that  the  distribution 
of  cubic  space  between  area  and  height  regulates  the  lateral  isolation 
of  cow  from  cow,  not  to  mention  the  convenience  of  handling  the 
animals,  that  cubic  space  added  above  the  animals  is  of  no  advantage 
in  this  respect,  and  that  in  all  prescriptions  of  cubic  space,  it  is  assumed 
that  the  lighting  and  ventilation  are  perfect. 

When  a  Local  Authority  shall  have  framed  regulations  regarding 
these  matters,  existing  cowsheds  must  be  made  to  conform  to  the 
regulations  prescribed  within  twelve  months  of  the  regulations  coming 
into  force. 

Various  estimates  of  the  amount  of  fresh  air  required  for  animals 
per  hour  have  been  made  by  different  observers.  Marcker  has  suggested 
for  large  animals,  as  oxen,  cows,  etc.,  30  to  40  cubic  metres  per  hour 
for  each  1000  lbs.  of  weight  of  animal — that  is,  one  to  one  and  a  half 
cubic  feet  per  pound  weight  of  animal.  For  small  animals,  as  sheep, 
pigs,  calves,  etc.,  40  to  50  cubic  metres  per  1000  lbs.  weight,  or  1-5  to 
l-,75  cubic  feet  per  pound  weight. 

Such  allowances  are  far  too  low.  It  would  almost  seem  as  if  they 
had  been  based  upon  some  fear  of  lowering  the  temperature  of  a  cowshed, 
which,  in  the  case  of  milk-giving  animals,  undoubtedly  diminishes  the 
yield  of  milk. 

Comparing  the  above  figures  with  those  for  man,  they  will  be  found 
to  be  exceedingly  low ;  the  average  man,  weighing  from  140  to  170  lbs., 
is  expected  to  receive  3000  cubic  feet  per  hour,  which  is  equivalent  to 
21-5  and  18  cubic  feet  per  hour  per  pound  of  body-weight.  Applying 
the  same  rule  to  animals,  a  cow  should  receive  between  10,000  and 
20,000  cubic  feet  per  hour.  Indeed,  the  ideal  condition  is  to  place  the 
animal  as  nearly  in  the  same  circumstances  as  it  would  be  in  the  open 
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air,  if  that  were  possible.  Althougli  it  is  true  that  the  cow  was  intended 
by  nature  to  be  an  open-air  animal,  the  same  circumstances  cannot  be 
realised  in  a  confined  space,  for  animals,  like  man,  are  susceptible  to 
draughts. 

Dammann  would  allow  for  an  animal,  such  as  a  cow  or  a  horse, 
weighing  1000  lbs.  about  1800  cubic  feet  or  50-9  cubic  metres  (1800  x 
•0283),  and  for  small  animals,  for  the  same  weight,  2100  cubic  feet 
or  60  cubic  metres  per  hour. 

Reiset  has  summarised  his  observations  regarding  the  relation  of 
body-weight  of  animals  to  oxygen  consumed,  and  carbon  dioxide  and 
other  gases  exhaled,  in  the  form  of  a  table,  which  we  adduce. 


Table  XXX 


Animal 

Weight  in 
Kilos 

Oxygen  con- 
sumed in 
Grammes 
per  Hour 

Oxygen 
consumed 
pel'  Kilo  of 
Body-weight 

CO  2 

exhaled,  in 
Grammes 
per  Hour 

Nitrogen 
exhaled,  in 
Grammes 
per  Hour 

Marsh-Gas 

(CH4) 
exhaled  in 
Li  tres 
per  Hour 

Sheep 

67-7 

33-51 

0-495 

42-63 

0-246 

1-4 

Calves 

97-3 

45-87 

0-480 

54-54 

0-280 

1-3 

Pigs 

105-6 

49-30 

0-477 

60-50 

0-025 

01 

Oxen 

230-0 

110-50 

0-480 

128-80 

0-293 

3-07 

Horses 

250-0 

117-42 

0-470 

131-62 

0-295 

3-66 

An  average  sheep  spoils  112  litres  or  3-9  cubic  feet  of  air  per  hour; 
an  average  calf,  154  litres  or  5-4  cubic  feet ;  an  average  pig,  166  litres, 
or  about  6  cubic  feet;  an  average  dog  of  medium  size,  23-5  litres  or 
0-83  cubic  foot,  and  an  average  cat  of  10  lbs.,  17-8  litres  or  0-6  cubic 
foot. 

A  factor  in  the  case  of  several  of  the  above-mentioned  animals  kept 
in  confined  spaces  which  tends  to  further  pollution  of  the  air,  is  that 
they  are  associated  with  more  or  less  unclean  surroundings,  owing  to 
their  droppings. 

In  considering  the  cubic  space  to  be  given  to  animals,  such  as  cows, 
it  is  to  be  borne  in  mind  that  greater  freedom  in  moveinent  of  air  within 
their  quarters  may  be  permitted,  compared  with  the  quarters  inhabited 
by  human  beings  ;  in  other  words,  the  ventilation  may  be  much  freer. 

An  attempt  has  been  made  to  formulate  a  working  rule  for  superficial 
and  cubic  spaces,  relative  to  the  bulk  or  mass  of  the  animal,  which 
shall  be  sufficient — viz.  that  2  cubic  feet  of  space  be  given  per  pound 
avoirdupois  weight  of  the  animal,  the  superficial  or  floor  space  being 
not  less  than  one-twelfth  the  total  cubic  space  thus  found. 

In  the  stables  of  the  British  army,  the  superficial  area  per  horse 
for  stall  alone  is  52  square  feet,  or  for  stall  and  proportion  of  passage, 
90  square  feet ;  and  the  army  horse  infirmaries,  137  square  feet  of  floor- 
space  for  stall,  or  200  square  feet  for  stall  and  share  of  passage,  per 
animal.  In  loose  boxes,  the  floor-space  is  204  square  feet  and  the  cubic 
space,  1900  cubic  feet. 

Ventilation  of  Byres  and  Cowsheds. — An  inlet  area  of  30  to  40  square 
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inclies,  at  least,  should  be  provided  per  animal,  and  an  outlet  area  of 
from  40  to  50  square  inches.  The  inlet-openings  ought  to  be  provided 
in  the  walls,  and  the  outlet-openings  in  the  roof.  The  former  may 
consist  of  perforated  gratings  or  ungrated  openings  at  a  level  of  five 
to  six  feet  from  the  floor,  and  the  latter  of  louvred  openings  placed  on 
the  roof-ridge.  In  the  case  of  the  inlets  it  is  better,  when  possible,  to 
have  these  on  opposing  walls.  The  doors  should  be  thrown  freely  open 
whenever  possible.  Lighting  should  be  efficient.  In  modern  byres 
the  rule  is  to  allow  3  square  feet  of  glass  for  each  animal,  the  windows 
being  placed  either  in  walls  or  roof,  and  if  in  the  roof,  preferably  on  the 
north  or  east  side. 

Ventilation  in  the  Tropics. — It  has  been  alleged  with  some  force  that 
not  a  little  of  the  ill-health  of  Europeans  resident  in  tropical  countries 
is  due  to  defective  ventilation  of  their  dwellings,  and  that  the  methods 
of  ventilation  suitable  for  temperate  climates  are  quite  inapplicable 
and  unfitted  for  tropical  climates.  The  problem  has  been  put  thus : 
A  person  proceeding  to  Bombay,  for  example,  from  this  country  is 
during  the  hot  season  suddenly  plunged  into  circumstances  he  has 
never  before  experienced.  The  mean  temperature  of  Bombay 
(79-13°  F.)  is  30°  higher  than  that  of  Great  Britain,  and  the  mean 
amount  of  humidity  of  the  atmosphere  1-135  lbs.  per  1000  cubic  feet 
of  air,  compared  with,  say,  0-51  lb.  in  London.  Under  average  con- 
ditions of  health  the  human  body  must  get  rid  of  284  units  of  surplus 
heat  in  order  that  the  normal  temperatiire,  within  half  a  degree,  may  be 
maintained.  This  is  made  more  difficult  m  tropical  countries,  and 
especially  so  in  humid  climates,  by  reason  of  the  high  atmospheric  tem- 
perature, which,  in  the  hot  season,  is  likely  to  be  seldom  less  than  98°  in 
the  shade.  Hence  it  follows,  in  order  to  get  rid  of  the  surplus  heat,  that 
there  must  be  greater  movement  of  air  in  tropical  climates  in  any  scheme 
of  ventilation  than  in  a  temperate  climate ;  or,  to  put  it  in  another 
way,  in  a  tropical  climate  the  average  Briton  bears  -with  comfort  a 
velocity  of  air  which  could  not  be  borne  with  impunity  in  this 
country.  Natural  ventilation,  therefore,  is  of  little  count  in  the 
tropics.  Movement  of  air  m\ist  be  obtained  by  some  form  of 
mechanical  propulsion ;  hence  the  time-honoured  punkah.  But 
the  mere  mechanical  movement  of  air  within  an  apartment  is 
not  sufficient  unless  there  be  free  outlets  for  the  air  which  is 
moved.  Electrically  worked  fans,  with  effective  outlets,  both  in 
size  and  in  position,  coupled  with  moistened  screens  at  inlets, 
would  largely  help  to  solve  the  problem.  The  following  experiment, 
made  in  a  bungalow  at  Cawnpore,  shows  what  may  be  achieved  by 
natural  forces : — In  the  building  in  question  there  was  no  ventilation 
opening  above  the  windows.  A  square  hole,  22  inches  square,  was  cut 
in  the  roof  of  the  largest  room,  and  fitted  into  it  was  a  thin  sheet-metal 
unpainted  square  chimney,  10  feet  in  height.  Its  total  superficies  was 
73  square  feet,  one-half  of  which  received  the  sun's  rays  directly.  By 
the  heat  absorbed  therefrom,  an  induced  current  was  set  up  in  the 
chimney,  and,  therefore,  through  the  room.  The  following  observations 
were  made  at  2.30  p.m.,  the  hottest  part  of  the  day— viz.  Temperature 
of  air  of  room,  97°  F. ;  temperature  of  air  issuing  from  chimney-shaft, 
113°  F.  ;   increase  of  temperature  in  shaft,  16°  F. ;  velocity  of  air- 
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current,  133-2  linear  feet  per  minute  ;  volume  of  air  discharged  by 
flue  per  hour,  26,553  cubic  feet. 

The  effect  of  the  flue  was  to  make  the  room  fresh,  pleasant  and 
comfortable.^  Another  experiment  was  made  in  an  office  room  in  the 
same  building.  Each  morning  7-5  gallons  of  water  were  poured  on  the 
floor  and  absorbed.  In  the  course  of  the  day  the  water  was  gradually 
evaporated.  Doors  were  kept  as  much  open  as  possible  and  punkahs 
in  constant  use.  The  office  was  thus  made  comfortable.  The  follow- 
ing observations  respecting  the  humidity  of  the  air  were  made  : — 

Dry-Bulb  Wet-Bulb  Relative 

Thermometer  Thermometer  Humidity  of  Air 

OnVorandah    .        .       103°  F.  89°  F.  56  per  cent. 

In  Office  ...         88°  F.  85°  F.  87 

Difference         .        .         15°  F.  4°  F.  31 

The  point  chiefly  to  be  aimed  at  in  ventilation  in  tropical  countries 
is  to  secure  adequate  movement  of  air,  fresh  air  being  supplied  and 
fouled  air  escaping.  The  method  already  described  is  simple  and  has 
proved  effective  ;  but,  as  has  been  said,  electrically  propelled  fans,  with 
sufficient  outlets  in  size  and  position,  with  the  addition  of  moistened 
screens  at  inlets,  would  go  far  to  solve  the  problem. 

Mode  of  Testing  practically  Schemes  of  Ventilation. — There  are 
three  special  branches  into  which  an  investigation  into  the  efficiency 
of  any  large  scheme  of  ventilation  divides  itself — ^viz. 

I.  The  cubic  space  to  be  filled  with  fresh  air,  and  the  number  of 
times  per  hour  the  air  of  the  said  space  must  be  changed  with 
reference  to  the  number  of  occupants  at  any  given  time. 
II.  The  efficiency  of  the  mechanism  by  which  the  air-movement  is 
to  be  effected. 

III.  Tests  of  the  efficiency  by  physical  and  chemical  methods. 

1.  The  Cubic  Space  of  the  Building  or  Room  to  be  ventilated. 

In  ascertaining  the  cubic  contents  of  any  confined  empty  space  of 
the  simplest  kind,  the  multiplication  of  its  length,  breadth,  and  height 
in  feet  will  give  its  amount  in  cubic  feet.  But  in  irregularly-shaped 
rooms,  special  measurements  must  be  made — that  is  to  say,  the  cubic 
space  may  be  estimated  by  a  series  of  measurements  for  irregular 
spaces — the  sum  of  which  is  the  total  cubic  contents  of  the  space. 
The  following  data  will  adapt  themselves  to  any  shape  of  room  : — 

Area  of  Circle  =      x  0-7854. 
Circiimforonce  of  Circle  =  D  x  3-1416. 
Area  of  Ellipse  =  Product  of  both  diameters  x  0-7854. 
Circumference  of  Ellipse  =  Half  the  sum  of  both  diameters  x  3-1416. 

Area  of  Segment  of  Circle  —  (Chord  x  Height  X  3)  -F  ^^^^ 

Area  of  a  Square  =The  square  of  one  of  the  sides. 
Area  of  Rectangle  =:The  product  of  two  of  the  adjacent  sides. 
Area  of  Triangle  =Base  x  Half  the  height. 

Area  of  a  Parallelogram  =Bisect  into  two  triangles  by  a  diagoiial,  and 

estimate  the  sum  of  the  areas  of  tlie  two 
triangles. 
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Cubic  Capacity  of  Cubo  =length  x  breadth  x  lioiglit. 

Solid  Triangle  =  aroa  X  J  height. 
C3'lindor  =  area  of  circular  base  x  heiglit. 
Cone  =area  of  circular  base  x  ^  height. 
Dome  =  area  of  circular  base  x  §  height. 
Sphere  =  diameter^  x  0'5236. 


In  one  or  other  or  more  than  one  of  these  ways,  the  gross  cubic 
contents  of  any  space  may  be  estimated.  After  deduction  of  the  cubic 
contents  of  soHd  or  closed  bodies,  as  furniture,  etc.,  the  net  cubic  contents 
are  arrived  at.  For  a  bed  it  is  customary  to  allow  ten,  and  for  an 
adult  three  cubic  feet. 


Fid.  33. — lUustrates^the  Ventilation  and  Purification  of  Air  of  a  Smith's  Shop  by 
means  of  the  "Scirocco"  Fan.  The  position  of  the  fan  is  indicated  on  the  left 
of  the  figure,  at  the  end  of  the  exhaust  air-shaft  which  is  seen  to  pass  from  the 
right  to  the  left  of  the  figure,  and  into  which  passes  the  smoke  which,  other- 
wise, would  pollute  the  atmosphere  of  the  workshop. 

2.  The  next  step  is  to  ascertain  the  number  of  occupants — the  aver- 
age, minimum,  and  maximum  numbers — in  the  case  of  a  hall,  church,  or 
school.  For  a  mixed  adult  audience,  an  allowance  of  3000  cubic  feet 
of  air  per  hour  is  the  ideal  to  be  aimed  at ;  for  children  of  mixed  ages 
in  schools,  2000-2500  cubic  feet  per  hour.  These  allowances  per  head 
per  hour  multiplied  by  the  number  of  occupants  gives  the  total  number 
of  cubic  feet  of  air  to  be  supplied  per  hour. 

Examine  next  for  inlets  and  outlets.  The  superficial  area  of  inlets 
and  outlets,  where  the  air  is  warmed,  should  not  be  less  than  48  square 
inches  per  person.  This  will  allow  of  the  air  being  sent  in  at  a  velocity 
of  about  2h  feet  per  second.  But  these  may  be  enlarged  up  to  70  or  80 
square  inches  per  head — the  air  being  warmed — where  the  net  cubic 
space  for  the  total  number  of  individuals  is  less  than  the  ideal  amount. 
The  sum  of  the  superficial  areas  of  inlets  or  outlets  divided  by  the 
number  of  occupants  will  give  the  inlet  or  outlet  area  per  individual. 
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The  rate  of  velocity  of  the  incoming  air  at  the  inlets  must  then  be 
tested  by  the  anemometer.  The  instrument  should  be  placed,  not  in 
the  centre  of  the  opening,  but  at  a  point  about  f  ths  of  the  diameter 
from  its  side,  as  this  point  best  gives  the  mean  velocity.  The  instru- 
ment having  been  maintained  for  one  minute  in  this  position,  the 
number  of  revolutions  registered,  minus  the  correction  for  the  indi- 
vidual instrument— supplied  by  the  makers— will  give  the  linear 
velocity  in  that  time  ;  and  the  linear  velocity  multiplied  into  the  sec- 
tional area  of  the  opening  will  give  the  number  of  cubic  feet  supphed 
per  minute.    It  is  a  good  plan  to  apply  the  anemometric  test  to  a 


Fio.  34.— Workshop,  the  air  of  which  is  l^eyt  free  of  the  particles  from  tlie 
grinding  machines  by  means  of  tlie  exliaust  shafts  seen  immediately  beneath 
each  wlieel. 


series  of  inlets  in  various  parts  of  the  room.  This  test,  in  our  opinion, 
is  the  most  important  of  all  from  the  practical  point  of  view,  as  it 
demonstrates  the  actual  amount  of  air  which  is  being  supphed  to  the 
room.  The  temperature  of  the  incoming  air,  of  the  room  itself  at 
various  points,  and  at  various  outlets,  ought  also  to  be  taken.  The 
supply  of  air  will  be  found  to  be  most  constant  in  the  plenum  system, 
since  the  motive  power  may  be  kept  constantly  doing  a  definite  amount 
of  work.  By  comparison,  therefore,  of  the  figures  of  the  actMal 
supply  of  air  as  estimated,  with  the  amount  required  or  desiderated, 
the  efficiency  of  the  ventilation-machinery  may  be  tested.  In  testing 
under  the  vacuum  method,  the  same  general  principles  as  the  fore- 
going apply.    It  has  been  already  stated  that  the  rate  of  movement 
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of  air  depends  upon  tlie  difierence  in  temperature  between  the  outside 
air  and  that  of  the  extracting  shaft,  chimney  or  flue.  Where  the  motive 
power  is  a  fan  working  in  or  at  the  bottom  of  the  shaft,  the  rate  will 
depend  upon  the  sectional  area  of  the  fan  and  its  velocity  or  number 
of  revolutions  per  minute. 

It  may  be  necessary,  sometimes,  to  calculate  the  amount  of  air  which  is 
being,  or  may  be,  delivered  by  fans.  To  do  this  a  knowledge  of  the  following 
factors  is  required — viz. 

1.  Diameter  of  fan  in  feet  or"terms  of  a  foot ; 

2.  Number  of  revohitions  of  fan,  or  velocity,  per  second  or  per  minute  ; 

3.  Tangential  velocity  of  the  air  leaving  the  fan.    This  may  be  taken  in 

the  average  case  as  three-fourths  the  velocity  of  the  tips  of  the  blades 
or  vanes  of  the  fan  ; 

4.  Diameter  of  outlet  from  fan. 

An  example  will,  perhaps,  best  illustrate  the  method  of  calculation :  A 
circular  fan  has  a  diameter  of  5  feet,  turns  at  6  revolutions  per  second,  and  has 
an  outlet  of  2  feet.    Find  the  amoimt  of  air  delivered  in  cubic  feet  per  hour. 

Circumference  of  the  circle  described  by  one  revolution  is 

3-1416  X  5  ft.  =  15-708. 

Velocity  of  each  blade  or  vane  =15-708  x  6  (No.  of  Revolutions)  =  94-248 
feet  per  second. 

Velocity  of  air-current  leaviag  fan  =94-248  x  -75  =70-686  feet  per  second. 

Area  of  outlet  =  7r  X  (r)2  =  3-1416  X  1  =  3-1416  square  feet. 

.-.  Discharge  per  second  =  70-686  X  3-1416  =  222-06  cubic  feet. 

Discharge  per  hour  =  222-06  x  60  X  60  =  799,416  cubic  feet. 

It  is  also  advisable  to  Imow  how  to  calculate  the  proper  size  and  speed  of  a 
fan  which  would  be  required  to  deliver  a  certaia  required  number  of  cubic  feet 
per  hour. 

Let  the  problem  above  be  taken  as  an  example,  thus  : 

The  amount  of  air  required  to  be  supplied  to  a  hall  per  hour  is  799,000  cubic 
feet,  lb  is  required  to  calculate  the  size  and  speed  of  a  fan  to  perform  this 
work  ;  in  other  words,  to  find  the  diameter  and  the  number  of  revolutions  of  the 
fan  ;  the  diameter  of  the  inlet  being  2  feet. 

DeUvery  =volocity  of  air-cm-rent  xarea  of  inlet. 

Radius  of  inlet  =1  foot. 

Area  =  tt  x  1  =3-1416. 

.-.  799,000  =velocity  of  air-current  X  3-1416. 

799,000        _  ■^Q.Q^  _  velocity  of  air-current  per  second. 
■  ■    3-1416  X  60  X  60 

But  taking  the  tangential  velocity  into  account,  this  becomes 

799,000  X  4         _        =  velocity  of  vanes,  or  distance  traversed  per  sec. 
3-1416  X  60  X  60  X  3 

799-000 

Qr       —  — 

'  3-1416  X  60  X  60  X  -75 

Let  D  =Diamoter  of  fan  required,  and  R  =Number  of  Revolutions  required. 

3-1416  X  D         =Circumforence  of  fan  in  feet. 

3-1416  X  D  X  R  =Distance  traversed  by  a  fan-blade  in  one  second. 
.-.  3-1416xDxR  =94-2  feet,  as  found. 

•  DxR=  -^^  =  29-985  or  30-0  feet. 

•  3-1416 

•  D  =  i^;  R=^^ 
R  D 
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If  the  number  of  revolutions  is  10  per  second,  D  =  3  feet. 
If  the  number  of  revolutions  is    6  per  second,  D  =  6  feet. 
If  the  diameter  of  the  fan  is  6  feet,  and  the  number  of  revolutions  per  second 
be  5,  then  such  a  fan  would  deliver  799,000  cubic  feet  per  hour. 

In  a  heated  chimney  flue  or  shaft,  whether  the  source  of  heat  be 
a  fiu'nace,  coils  of  steam  piping,  or  a  steam  nozzle,  the  rate  of  move- 
ment depends  upon  the  action  of  two  well-known  physical  laws — viz. 

1.  That  the  velocity  of  a  falUng  body  in  feet  per  second  is  equal  (nearly)  to 
8  times — in  fact,  8-02  times — the  square  root  of  the  distance  or  height  through 
which  it  has  fallen. 

where  v  =  velocity ; 

g  =  gravity  =  32-18,  the  munber  of  feet  fallen  in  one  second ; 
■   H  =  height  or  distance. 

.-.  J2g=:,^Q4.-BQ  =  8-02  nearly,  or  8. 

2.  That  fluids  flow  through  an  aperture  with  a  velocity  equal  to  that  of  a 
body  falling  through  a  height  equal  to  the  difference  in  height  of  the  columns  of 
air  on  either  side. 

The  formula  now  becomes  :  V  =  8  JH-h. 

In  applying  these  laws,  which  are  Imown  as  Montgolfier's  Theorem  or  Rule, 
to  the  movement  of  air,  account  must  be  taken  of  the  different  densities  of  air 
at  diSerent  temperatures  due  to  its  expansion  by  heat.  H  is  taken  to  oqvial  the 
height  of  the  atmosphere,  wliich  may  be  considered  to  be  a  column  of  air  of 
uniform  density  and  five  miles  in  height,  and  which,  at  sea-level,  supports  a 
column  of  mercury  of  760  millimetres  in  height.  If,  then,  such  a  column  of  air 
were  to  rush  into  a  vacuum,  it  would  do  so  with  a  velocity  equal  to  that  of  a 
solid  body  falling  through  a  distance  of  five  miles,  or  26,400  feet — viz.  of  about 
1300  feet  per  second  :  , 

sJ2gH=  J2x  32-18  X  26,400  =1303  feet  per  second. 

But  if  the  same  column  of  air  were  to  pass  into  a  room  the  air  of  which  is 
not  a  vacumn  but  which  has  less  pressure  than  itself,  then  its  velocity  will  be 
equal  only  to  that  attained  by  a  soUd  body  falUng  through  a  height  measured 
by  the  difference  of  the  pressure  inside  and  outside,  as  estimated  from  the 
difference  of  the  temper  at  irres.  Where  heating  takes  place  in  a  flue  or  chimney 
open  only  at  both  ends,  the  expansion  of  the  air  can  only  take  place  by  the  con- 
fined column  of  air  becoming  longer.  This  increase  of  length  corresponds  to  h. 
We  have  seen  that  one  volume  of  air  expands  part  for  each  degree  Fahren- 
heit it  is  raised  in  temperature  above  32°.  The  coefficient  for  this  amount  of 
expansion  is  -002036,  or,  shortly,  -002.  The  difference  in  pressure,  therefore,  is 
ascertained  by  multiplying  the  difference  in  temperature  of  the  outside  and 
inside  air  by  this  coefficient  of  expansion — viz.  -002. 

From  these  data,  then,  the  following  formula  is  constructed  : — 

V  =  J2gHa(t-t'). 

Where  V  =  velocity  of  ascending  air  in  feet  per  second  ; 
H  =  height  of  shaft  or  flue  in  feet ; 
t  =  temperature  of  air  in  shaft ; 
t'  =  temperature  of  outside  air  ; 

a  =  coefficient  of  expansion  of  air  =-002  per  degree  F.  ; 
g  =  32-18  =  number  of  feet  fallen  by  a  body  in  first  second. 

Example. — A  vontilating-ahaft,  fifty  feet  in  height,  straight  and  circular  in 
shape,  has  a  sectional  area  of  three  feet ;  the  temperature  in  the  shaft  is  05°  F., 
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that  of  tho  outside  air  being  45°  F.  ;  it  is  I'equired  to  find  the  quantity  of  aij- 
passing  out  per  hour. 

V  =^/2gHa{i-t') 

V  =  ^2x  32-18  X  50  X  (65-45)  002 

y  =113  feet  per  second  of  linear  velocity. 

Tlie  linear  velocity  multiplied  by  the  sectional  area  of  the  siiaft  will  give  the 
amount  of  air  in  cubic  feet  discharged  per  second.  The  sectional  area  in  tliis 
case  is  3  feet. 

Therefore  113  X  3  X  60  x  60  =1,220,400  cubic  feet  per  hour. 

It  must  be  noted,  however,  that  the  calculated  or  theoretical  hnear  velocity  is 
not  realised  in  experience,  because  of  friction  in  the  shaft ;  hence  tho  actual 
velocity  is  diminished  according  to  the  amount  of  friction  which  the  outgoing 
air  experiences,  and  this  depends  upon  the  character  of  the  shaft,  in  respect 
whether  it  be  circular  or  square,  straight  or  curved,  or  angular,  and  whether 
its  interior  bo  smooth  or  rough.  Allowance  must,  therefore,  be  made  in  practice 
for  friction,  which  allowance  may  vary  from  to  ^  the  linear  velocity.  Tliis, 
however,  may  be  checked  by  anemometric  observations. 

The  formula  for  ascertaining  the  movement  or  velocity  of  heated  air  in  a 
vertical  flue  may  be  extended  thus  : 

F  =  E  ^  h2^gKE]Ll3  :  where 
V         \+  a.t. 

V  =  velocity  of  ascent  of  air-current  per  second  ; 

E  —  a,  numerical  coefficient,  constant  for  each  flue,  and  expresses  the  re- 
duction of  theoretical  velocity  due  to  friction,  eddies,  etc. ; 
g  =  gravity  ; 
h  =  height  of  flue  in  feet ; 

a  —  coefficient  of  expansion  of  air  =  -00204  for  1°  F. ; 
t'  =  temperature  of  heated  air  in  flue  ; 
t  =        ,,  of  oxitside  air. 

This  is  merely  an  extension  of  Torricelli's  theorem  :  the  velocity  of  a  freely 
falling  body  is  equal  to  the  square  root  of  twice  the  gravity,  wliere  g  =32-2  lineal 
feet  per  second,  h  =heiglit  tlirough  which  the  body  falls  : 

v  =  jm 

When  air  is  heated  at  constant  pressure  it  increases  in  volume  ;  and  where 
the  heated  air  is  confined  in  a  vertical  flue  open  at  both  ends,  it  is  evident  that 
the  expansion  of  volume  must  cause  an  extension  in  length  of  the  confined 
column,  and  so  it  must  escape  at  the  top  of  the  flue.  Sucli  difference  in  height 
of  column  of  air,  duo  to  increase  of  temperature,  is  expressed  in  the  foregoing 
formula  by  h.  The  difference  between  the  original  length  of  the  cokmm  at 
temperature  t,  and  the  extension  of  length  due  to  increase  of  temperature  t', 
is  equal  to  the  height  through  which  a  volume  of  air  at  outside  temperature 
t — that  is,  the  original  volmne  of  air  witliin  the  flue — has  fallen,  to  cause  the 
upward  movement  within  the  flue  ;  therefore  h  is  the  head  of  fluid — air,  in  this 
case — causing  the  pressure. 

The  conditions  of  discharge  of  air  in  a  vertical  flue  depend  upon  the  following 

factors  : —  .  j- 

1.  The  height  of  the  flue.    The  power  of  the  flue,  or  the  velocity  of  its  dis- 

charge of  air,  increases  as  the  square  root  of  the  height  increases,  the 
difference  of  temperature  of  air  between  inside  and  outside  of  flue  re- 
maining constant ; 

2.  The  square  root  of  the  difference  of  i' — i.e.  inside  temperature— and  t  out- 

side temperature  ;  in  other  words,  in  a  flue  of  constant  lieight  the 
velocity  of  discharge  will  increase  as  the  difference  between  inside  and 
outside  temperature  increases ; 
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3.  Resistance.  The  greater  the  friction  or  resistance  in  a  flue  from  bends 
or  elbows,  or  other  source  of  friction,  the  less  the  velocity  of  discharge. 
Straightness,  adaptation  of  cross-section,  and  smoothness  of  interior  of 
flue  are,  therefore,  all  contributory  toward  increase  of  velocity  of 
discharge  in  the  direction  of  theoretical  maximum. 

Based  on  these  laws,  du  Ohaumont  has  proposed  two  formulse  : 

(1)  For  calculating  the  total  size  of  outlets  and  inlets  required  to  deliver  a 
given  number  of  cubic  feet  of  air  per  hour — 

 D  

100  ^H{t  -  t'  X  -002  ~ 

(2)  To  deteimine  the  delivery  per  hovir,  the  size  of  the  inlet-opening  or 
openings  being  known — 

200  sJS{t-{)  X  -0020  =  D 

Where  D  =  delivery  of  air  in  cubic  feet  per  hour  ; 
H  =  height  of  shaft  in  feet ; 
t  =  temperature  inside  shaft ; 
t'  =  temperature  of  outside  air  ; 

(p  —  sectional  area  of  inlet,  or  outlet,  in  square  inches  ; 
200  =  a  constant,  obtained  by  dividing  the  munber  of  seconds  in  one 
hour  by  the  number  of  square  inches  in  a  square  foot,  and 
multiplying  the  product  by  the  square  root  of  twice  the 
gravity ; 

3600 


thus ; 


-j^  =  25x  (V32-2X  2)  =  8  =  200. 


3.  Tlie  third  branch  of  the  inquiry  consists  in  the  application  of 
physical  and  chemical  tests  to  the  air  of  the  place.  The  best  physical 
tests  to  employ  for  rooms  occupied  for  an  hour  or  two  consecutively — as 
for  example,  a  schoolroom — is  the  estimation  of  watery  vapour,  and 
temperature.  In  imperfectly  ventilated  rooms  there  is  a  definite 
increase  of  watery  vapour,  and  the  temperature  is  also  raised  some 
degrees.  Such  an  atmosphere  becomes  oppressive,  and,  without  any 
examination  as  to  efficiency  of  action,  the  pai-ticular  system  of  venti- 
lation in  use  is  liable  to  be  blamed  as  the  caiise.  The  element  in  the 
atmosphere  of  a  room  which  lends  itself  most  easily  to  chemical  analysis 
is  the  Carbonic  Acid  gas,  and  this  may  be  taken  as  a  comparatively 
accurate  measurement  of  the  amount  of  organic  matter  in  the  same 
air.  The  researches  of  Carnelly  and  others  ^  demonstrate  this.  To 
estimate  the  amount  of  COg  present  in  air,  different  methods  may  be 
employed,  as  those  of  Angus  Smith,  Lunge-ZeckendorfE,  Wolpert,  Hesse, 
and  Pettenkofer,  the  first  three  of  which,  however,  are  only  approximate 
methods. 

Approximate  Methods. — 1.  The  mebhod  of  Angus  Smitli  requires  a  series  of 
stoppered  bottles,  measuring  respectively  20 J,  10 1,  8,  and  6^  ounces.  The  re- 
agent used  is  lime-water  or  baryta-water,  and  the  amoimt  used  at  each  experi- 
ment is  half  an  ounce.  The  test  is  employed  as  follows  : — Into  the  lOA  ounce 
bottle  is  put  the  necessary  amoimt  of  lime-water,  and  the  bottle  stoppered  and 
shaken  freely  for  about  one  minute.  Should  the  clear  reagent  have  now  become 
turbid,  the  sample  of  air  contains  more  than  -OG  per  cent,  of  CO.^ ;  if  no  turbidity 
result,  it  does  not  contain  more  tlian  this  proportion.  By  using  tlie  otlier-sized 
bottles,  the  quantity  greater  than  -OG  per  cent,  may  bo  approximately  arrived  at 

»  Roi/.  Sac.  Trans.,  vol.  178,  1888. 
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by  observing  in  what  size  of  bottle,  with  the  like  quantity  of  reagent,  turbidity 
appears. 

^  No  Precipitate 

Size  of  Bottle  in  Ounces  gOj  per  cent. 

20i   -03 

lOl   -06 

8"   -08 

Gi   -10 

It  will  be  obvious  from  the  health  point  of  view,  that  little  concern  will 
attach  to  percentages  of  CO 2  less  than  -00. 

2.  The  Lunge-Zeckendorff  Method  requires  care  on  the  part  of  the  operator 
so  that  the  necessary  conditions  for  accuracy  may  be  fulfilled ;  otherwise,  the 
method  is  simple.  The  apparatus  consists  (1)  of  a  bottle  of  known  cubic 
capacity,  stoppered  by  an  indiarubber  cork  perforated  in  two  holes  through 
which  pass  two  glass  tubes,  one  of  which  is  connected  with  (2)  a  rubber  ball  of 

definite  capacity,  by  means  of  rubber  tubing.  The  reagent  used  is  a  ^  or 
500th  normal  standard  solution  of  carbonate  of  soda  (-02  gramme  per  litre). 

N 

coloured  pink  with  phenolphthalein  as  an  indicator.    It  is  better  to  make  a  _ 

solution— viz.  5-3  grammes  dry  Na^CO^  per  one  litre  of  water  after  addition  of 
1  gramme  of  indicator  dissolved  in  alcohol.  For  use,  2  c.c.  of  tlus  solution  are 
diluted  to  100  c.c.  with  distilled  water,  of  which  10  c.c.  are  used  for  each  deter- 
mination.   To  use  the  apparatus  10  c.c.  of  the  ^  solution  are  put  into  the 

bottle  with  a  pipette,  the  attachments  are  fixed,  and  the  rubber  baU  is  com- 
pressed and  released  alternately  so  as  slowly  to  force  the  air  tlirough  the  solution 
in  the  bottle,the  contents  being  agitated  after  each  balHul,  until  the  pmk  colour 
disappears  The  disappearance  of  the  colour  shows  that  the  alkahne  carbonate 
has  been  converted  into  the  acid  carbonate  by  the  CO  2  added  from  the  air,  as  the 
indicator-colour  is  discharged  in  acid  solutions.  Reference  to  a  table,  which  is 
supplied  with  the  apparatus,  shows,  from  the  number  of  ballfuls  used,  the 
percentage  amount  of  CO.,  in  the  air  examined.  Provided  that  care  is  exercised 
hi  the  filling  and  emptying  the  rubber  ball,  in  passing  the  air  through  slowly  and 
regularly,  and  in  agitating  the  reagent,  our  experience  of  the  method  is  that  it  is 
a  fairly  reUable  approximate  guide  to  the  atmospheric  CO,  present. 

3  Wolperfs  Method.— The  rationale  of  this  method  is  exactly  the  same  as 
the  preceding,  but  the  apparatus  used  is  different.  The  apparatus  consists  of  a 
glass  cylinder  marked  in  i  and  1  c.c.  into  which  is  fitted  a  piston  the  lower 
extremity  of  which  is  made  of  indiarubber  to  cause  it  to  fit  exactly.  The  piston 
shaft  is  hollow.  The  upper  extremity  is  fitted  with  an  indiarubber  cap  which 
is  removable.  The  shaft  of  the  piston  passes  through  a  metal  cap  which  is 
adjusted  to  the  top  of  the  glass  cylinder.  The  reagent  used  is  a  standardised 
solution  of  pure  dry  sodium  carbonate,  containing  phenolphthA  em  as  an 
indicator,  in  dilute  alcohol  and  water,  1  c.c.  of  winch  contams  -O'*  m^m  of 
the  soda  and  -016  gramme  of  phenolphthalein.  Process.-ln  order  to  fill  the 
glass  cylinder  with  air  to  be  examined  it  is  only  necessary  to  work  the  piston 
up  and  down  three  or  four  times.  To  estimate  the  contamed  CO^  remove  the 
piston,  put  into  the  cylinder  2  c.c.  of  above  coloured  alkalme  solution,  replace 
cylinder,  push  it  down  to  the  10  c.c.  mark,  put  cap  on  piston,  and  shake  cylmder 
and  contents  ;  if  colour  be  not  discharged,  pull  out  piston  to  20  c.c.  and  after 
replacing  cap  on  pi-ston,  again  shake.  By  continmng  this  P^-^^f  ^'^^ 
sofution  becomes  decolorised,  the  amount  of  CO^  present  is  calculated 
From  number  of  c.c.  of  air  used,  deduct  2  c.c.  for  space  occupied  by  «ol"t'on  an 
divide  31-3  by  the  remaming  figure.  The  figure  31-3  represents  the  timber  of 
C  O  of  air  containing  1  part  Co!  per  1000  of  air  which  is  necessary  to  decolor.so 
2  c  c  of  the  above  coloured  alkaline  solution.    In  the  more  modem  instruments 
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by  metvns  of  u  gi-aduated  scale  engi-aved  on  the  apparatus  the  parts  per  1000  are 
supplied,  and  the  calculation,  therefore,  rendered  unnecessary. 

Dr  Andi-ow  Hull  has  devised  a  method  for  the  vise  of  inspectors,  the  principle 
being  to  match  the  turbicUty  or  milldness  produced  in  baryta-water,  which  has 
been  shaken  up  in  a  bottle  contaming  one  litre  of  air,  by  a  solution  of  barium 
carbonate  of  definite  amoimt  in  distilled  water.  The  instrument  or  apparatus 
is  called  the  carbonoineter  and  is  arranged  in  a  cabinet.  The  apparatus  con- 
sists of  :  (a)  a  flask,  the  exact  capacity  of  wliich  is  1025  c.c.  ;  (6)  a  set  of  ten 
bottles  each  containing  25  c.c.  of  baryta-water  of  0-2  per  cent,  strength  ;  (c)  two 
bottles,  each  25  c.c.  capacity,  for  distilled  water  ;  (d)  a  bottle  containing  pellets 
of  bariimi  carbonate,  each  containing  -00352  gi-amme  of  that  salt  ;  (e)  a  bottle 
containing  similar  pellets,  each  containing,  however,  only  -00088  gramme  of 
barivmi  carbonate  ;  (/  )  a  bottle  of  distiUed  water  ;  (g)  bottle  containing  dilute 
solution  of  nitric  acid  (1  c.c.  to  175  b.c.  water)  ;  and  (gr)  auxihary  vessels. 

Modus  operandi. — Starting  from  the  general  fact  that  pure  air  contains 
4  parts  CO  2  per  10,000,  and  from  the  assimiption  that  any  proportion  of  CO.^ 
beyond  6  parts  is  objectionable,  and  from  the  fiu-ther  fact  that  4  parts  of  COj  per 
Utre  of  air  when  combined  with  barium  oxide  will  form  -00352  gramme  of  barium 
carbonate,  a  standard  is  formed  by  mixing  a  pellet  of  barium  carbonate  weigh- 
ing -00352  (one  of  the  larger  pellets  supplied)  with  25  c.c.  distilled  water  in  one 
of  the  bottles  provided  for  that  pm-pose.  The  turbidity  so  produced  is  equal 
to  the  turbidity  formed  by  the  vmion  of  25  c.c.  of  baryta-water  with  a  litre  of 
ah  contammg  -0004  parts  of  CO  a-  To  test  the  air  of  a  room,  the  flask  of  1025 
c.c.  capacity  is  filled  with  water  and  emptied,  and  drained  in  the  room,  and 
thereafter  the  contents  of  one  of  the  bottles  containing  25  c.c.  of  baryta-water 
are  added,  the  flask  is  stoppered,  and  the  contained  air  thoroughly  washed  of  its 
CO  2  by  forcible  shaking  of  the  contents.  Thereafter,  the  now  turbid  or  milky 
hquid  is  rapidly  poured  into  one  of  the  clean  25  c.c.  bottles,  and  its  tiu-bidity 
compared  with  that  produced  in  the  standard  bottle.  If  they  are  alike,  then 
the  air  of  the  room  contains  -0004  parts  per  litre  or  4  parts  per  10,000  of  air. 
Should,  however,  the  test  bottle  be  more  turbid  than  the  standard  bottle,  one  or 
more  of  the  smaller  barium  carbonate  pellets  is  added  imtil  the  tm-bidity  in 
both  bottles  is  equal.  Since  each  of  the  smaller  pellets  represents  one  part 
CO2  per  10,000  of  air,  one  must  be  added  to  the  four  parts  of  CO2  for  each  small 
pellet  added. 

As  a  means  of  estimating  approximately  the  pm-ity  or  impin-ity  of  air  in 
occupied  rooms,  the  method,  up  to  a  certain  point,  is  reasonably  satisfactory, 
but  a  point  in  these  experiments  is  not  unfrequently  reached  in  practice  where 
the  air  is  very  impure,  at  which  it  is  very  difficult  to  compare  or  match  the 
relative  tin-bidities.  It  may  be  said,  however,  that  since  the  object  of  the  method 
is  merely  to  pronounce  whether  or  not  the  air  of  a  room  is  below  or  above  six 
parts  CO2  per  10,000,  the  test  fulfils  its  purpose. 

Exact  Methods. — Pettenkofer's  method  is,  however,  one  of  the  most  exact. 

It  may  be  carried  out  in  one  of  two  ways,  (a)  either  by  the  use  of  large 
glass  jars,  such  as  very  large  W^inchester  quarts,  the  cubic  capacity  of  which  in 
c.c.  is  known  and  marked  thereon,  or  (b)  by  the  use  of  air-tubes — Pettenkofer's 
latest  mode — cormected  with  an  aspirating  apparatus  of  Imown  capacity. 

The  following  apparatus  is  required  : — 

(1)  Glass  jars,  fitted  with  indiarubber  stoppers,  holding  about  4000  to  6000 

c.c.  ;  or  two  Pettenkofer  tubes  ; 

(2)  Burette,  graduated  in  c.c.  and  tenths,  to  hold  100  c.c.  ; 

(3)  Pipettes  to  hold  30,  50,  and  60  c.c.  respectively. 
Chemical  Solutions  required  : 

(1)  A  clear  solution  of  baryta-water  made  up  of  4^  grammes  of  barium 
hydrate  and  J  gramme  of  barium  chloride,  per  litre  of  distilled  water  ; 
barium  chloride  is  added  becau.se  the  barium  hydrate  usually  contains 
small  proportions  of  BajCO^  and  NallO  or  KHO.  The  chloride  con- 
verts the  NaHO  into  NaCI  and  the  BaCla  into  the  hydrated  oxide, thus: 
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2NaHO+BaCl2=2NaCl+Ba(OH)2.    Without  the  addition  of  the 
chloride,  exact  titration  is  prevented. 
(2)  Standard  sokition  of  oxaUc  acid,  made  by  dissolving  1-404  grammes  of 
the  pure  crystals  in  one  htre  of  distilled  water,  and  of  which  1  c.c.  —•25 
vol.  of  COo. 

C2O4H,  +2H2O  

Thus:  OxaUc  Acid  =     x  2 +  16  x  4  +  1  x2 +2  X  2  + 16  x2  =126 

CO  2 

Carbonic  Acid  =  i2  +  16x2  =  44 

One  molecule  Ba(H0)2  consumes,  or  takes  up,  1  molecule  oxalic  acid  to 
form  barium  oxalate  (BaC„0,  +  4H20).    One  litre  of  CO2  at  normal 

44 

temperature  and  pressure  weighs  1-971  grams  (-0896  y--^—  1-971)  and  a 

quarter  of  a  litre,  1-971  +  4  =-492  gramme.    Therefore  the  amount  of 

126  X  0-492     ,  r    u-  u  , 

oxalic  acid  to  be  used  is   ^  =  1-404  grammes,  of  which  1  c.c.  is 

equivalent  to  0-25  vol.  of  CO 2- 


(3)  Saturated  solution  of  phenolphthalein,  as  an  indicator. 
Rationale  of  Process. — The  test  depends  upon  the  relative  causticity  or 
alkalinity  of  the  baryta-solution  before  and  after  its  exposure  to  the  air  which 
contains  the  CO 2,  the  amount  of  difference  in  alkalinity  being  the  measure  of 
the  amount  of  CO  2  present. 

Modus  operandi. — The  jar  to  be  used  is  filled  with  water,  and  is  emptied  and 
allowed  to  di-ip  dry  in  the  place  the  air  of  which  is  to  be  examined.  Thereafter, 
60  c.c.  of  the  baryta-water  are  poured  into  the  jar,  the  rubber  stopper  tightly 
fixed,  and  the  bottle  and  contents  are  periodically  agitated  during  the  next 
itol  hour.  Meanwhile,  30  c.c.  of  the  baryta-water,  to  which  have  been  added 
two  drops  of  the  phenolphthalein  solution,  coloured  pinkish-red  thereby,  are 
titrated  in  a  practically  closed  fla3k  with  standard  oxalic  acid  from  a  burette. 
The  acid  is  allowed  to  run  in  regularly,  with  constant  agitation  of  the  flask, 
until  the  pink  colour  is  discharged  ;  the  nimiber  of  c.c.  of  acid  used  is  noted. 
A  second  more  carefully  performed  test  is  then  made  in  the  same  way,  but 
special  care  is  given  to  the  end-reaction.  Then  the  quantity  of  acid  in  c.c. 
used  in  neutraUsing  the  30  c.c.  of  baryta-water  is  put  down.  At  the  end  of  the 
hour,  the  baryta-water  in  the  air-jar  is  poured  out  by  means  of  a  glass  funnel 
into  a  100-c.c.  glass-stoppered  bottle,  is  there  allowed  to  remain  until  the 
carbonate  of  barium,  formed  by  the  CO^  of  the  air  wnth  the  solution,  sediments, 
after  which,  by  means  of  a  30  c.c.  pipette,  that  quantity  of  the  supernatant 
clear  fluid  is  pipetted  off  into  a  clear-glass  flask,  two  drops  of  the  indicator  are 
added,  and  it  is  titrated  by  the  standard  oxalic  acid.  The  quantity  of  iicid 
needed  to  discharge  the  pink  colour  is  again  noted. 

Having  ascertained  the  alkalinity  of  the  baryta-water  both  before  and 
after  exposure  to  the  air  of  examination,  it  now  remains,  after  noting  the 
temperature  of  the  air,  to  calculate  the  result. 

Let  us  say  that  the  cubic  contents  of  air-jar  =5060-60  for  space  occupied  by 
baryta-water. 

Causticity  or  alkalinity  of  baryta-water — 

Before  exposure,  required  of  oxalic  acid  =39-5  c.c. 
After  exposure,  „  »  •>   =33-5  c.c. 

.-.  39-5-33-5  =6  c.c.  =Half  amoimt  of  baryta-water  changed  into  carbonate 
by  amount  of  CO  2  in  air  in  jn,r. 

But  1  c.c.  of  standard  oxalic  a'.-id  equals  0-25  vol.  of  CO2  ; 

.-.  0-25  X  6  =1-5  vols,  of  CO2  in  half  the  amount  of  baryta-water  taken  ; 

.-.  1-5  X  2  =3  vols,  of  CO2  in  total  air-contents  of  jar. 
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The  calculation,  therefore,  works  out  thus  : 

uOOO-CO  :  10,000  ::  3:  X.    x=-&     vols,  per  10,000  of  air. 

=•06   vols,  per  1000 
=•006  vols,  per  cent.  „ 

For  very  accurate  work,  temperature  and  pressure  during  the  experiment 
must  be  taken  for  calculation  at  standard  temperature  and  pressure  -0°  C, 
and  760  m.m. 

Fo=  vol.  at  0°  C, 
Vt=  vol.  at  t°  C, 

a  =  •OOSOO  =  coefficient  of  expansion  for  1°  C, 

.•.Fo=_^. 

l+at 

Thus,  suppose  in  the  foregoing  test  the  temperature  was  15-5°  C.  ;  to  ascer- 
tain the  voliune  of  aii*  in  jar  at  0°  C.  : 

TT  T7  5000  T7  5000  „  ^TQI  -Tf 

Fo  =   -  Fo  =   =  Fo  =  =  Vo  =  4731-76  c.c. 

l+at  1+ •00366  X  15-5  1-05673 

If  it  be  desired  to  correct  for  both  temperature  and  pressiu"e,  the  following 
formula  may  be  used  :  — 

Vtxb 
(l+at)  X  760 

where  6  =barometric  pressure  found  during  experiment;  the  other  terms 
remaining  as  above. 

Professor  Walker  of  Edinburgh  ^  has  devised  a  method  of  estimating  the 
amoimt  of  COj  in  air  whereby  is  obviated  the  inconstancy  of  results  not  infre- 
quently obtained  by  processes  in  the  use  of  which  the  expired  air  of  the  experi- 
menter is  apt  to  be  absorbed  by  the  baryta-water  during  the  process  of  titration. 
This  inconstancy  of  resvilts  is  common  in  processes  in  which  titration  is  con- 
ducted in  the  open.  The  method  is  really  a  modification  of  Pettenkofer's  bottle 
method,  owing  to  the  defects  of  which  that  observer  devised  later  his  tube 
method  hereinafter  described.  Walker  claims  for  the  method  a  possible 
accuracy  of  residt  of  0-1  part  CO,  per  10,000  of  air. 

Apparatus  used. — The  bottle  employed  is  a  clean,  dry  Winchester  quart, 
the  exact  capacity  of  which  has  been  ascertained.  It  is  furnished  with  a  rubber 
stopper  through  which  pass  two  glass  tubes  about  7  m.m.  in  diameter.  One  of  the 
tubes  reaches  almost  to  the  bottom  of  the  bottle,  the  other,  the  shorter,  ends 
internally  flush  with  the  stopper.  Both  tubes  project  externally  beyond  the 
stopper  about  two  inches,  and  are  provided  with  glass  stopcocks  at  different 
leveLs,to  permit  of  convenient  manipulation.  To  the  projecting  end  of  the  longer 
tube  a  piece  of  rubber-tubing,  one  inch  in  length,  is  permanently  attached,  by 
which  the  tube  may  be  connected  with  the  spit  of  the  baryta-water  burette. 

Modus  operandi. — The  bottle  being  filled  with  the  air  to  be  analysed,  by 
bellows  or  otherwise,  the  spit  of  the  baryta-water  burette  is  fixed  to  the  rubber- 
tubing  at  projecting  end  of  long  tube,  and,  both  stopcocks  being  now  opened, 
50  c.c.  of  baryta  solution  are  run  into  the  bottle.  The  spit  of  burette  is  then 
detached,  and  the  piece  of  rubber-tubing  pinched  so  as  to  drive  the  solution 
below  the  stopcock.  Both  stopcocks  are  then  closed,  and  the  bottle,  now 
placed  on  its  side,  is  agitated  from  time  to  time. 

While  the  CO 2  of  the  air  of  flask  is  being  absorbed,  an  asbestos  filter  is  pro- 
pared.  The  form  advocated  by  Walker  is  a  Soxhlet  cuprous  oxide  tube  fitted 
into  a  filtering  flask  of  about  200  c.c.  capacity  with  side  tubuhu-e  by  means  of  a 
rubber  stopper.  Asbestos,  teased  out,  is  pres.sed  down  over  the  capillary 
portion  of  the  tube,  the  filter-pump  is  set  a-going,  and  the  asbestos  freely  washed 
with  distilled  water  run  through  the  filter-tube. 

1  Trans.  Oliem.  Soc,  vol.  77,  1900. 
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Absorption  of  the  CO,  being  completed — fifteen  to  twenty  minutes  ordinarily 
suffice — filtration  of  the  now  turbid  baryta-solution  from  the  bottle  may  now  Vje 
commenced. 

N 

Ten  CO.  of  — .  hydrochloric  acid  are  run  into  the  empty  flask  by  means  of  a 

pipette  reserved  for  this  purpose,  the  filter-tube  is  adjusted  in  position,  and  the 
flask  is  firmly  clamped  at  the  neck.  The  air-bottle  is  now  inverted,  and  in  that 
position  is  also  clamped  at  the  neck  on  the  same  stand  as  the  filter-flask  at  a 
height  of  about  8  inches  above  the  top  of  the  filter-tube.  Into  the  top  of  the 
filter-tube  is  now  fitted  a  rubber  stopper  which  passes  a  short  glass  tube  carrying 
a  length  of  rubber  tubing  Jth  inch  bore  and  fths  inch  in  diametor,  the  other  end 
of  this  rubber  being  adjusted  to  the  extremity  of  the  shorter  glass  tube  of  air- 
bottle. 

The  filter-pump  is  now  turned  on,  and  the  stopcock  to  the  filter-tube  slowly 
opened.  As  the  turbid  fluid  passes  the  bariimi  carbonate  is  retained  in  the 
asbestos,  and  the  clear  water  passes  into  the  filter-flask  to  be  there  neutralised 

by  the  —  hydrochloric  acid.    When  all  the  baryta-water  from  the  air-bottle 

has  been  passed  through  the  filter,  the  filter-pump  is  kept  going  for  a  little  time 
so  as  to  produce  a  sUght  vacuimi  in  the  air-bottle.  The  stopcock  of  the  shorter 
tube  in  air-bottle  is  now  closed. 

Into  a  small  beaker  100  c.c.  of  distilled  water  are  now  put,  and  its  contained 
CO  2  gas  neutralised  by  adding  a  drop  of  phenolphthalein  solution,  a  few  drops 
of  barium  chloride  solution,  and  then  some  baryta-water,  imtil  a  faint  pink 
colour  begins  to  show.  Into  this  fluid  in  the  beaker  the  rubber  end  of  the  long 
tube  of  air-bottle  is  dipped,  and  the  stopcock  being  now  opened,  the  flush  from 
the  beaker  runs  up  the  tube  into  the  air-bottle.  After  20-30  c.c.  have  passed  in, 
the  stopcock  is  closed,  the  air-bottle  is  shaken,  and  the  fluid  then  run  out  by 
the  shorter  tube  through  the  fllter  into  the  filter-flask.  This  wasliing-process 
is  repeated  at  least  once  more.  The  filter-flask  is  now  disconnected,  and  titra- 
tion of  its  contents  may  there  and  then  be  carried  out,  or  the  contents  may  be 
transferred  to  a  casserole  for  that  purpose. 

•  Standard  Solutions  required  : 

1.  —  solution  of  hydrochlori 
10 

ised.   Ten  c.c.  are  employed  for  each  estimation. 

N 

2.  Baryta-water.    This  is  probably  best  when  about  the  strength  of  — -. 

Before  being  used,  its  exact  strength  relative  to  the  acid  must  be  kno-wn. 
Fifty  c.c.  are  used  for  each  estimation. 

Ten  c.c.  of  ^  acid  will  usually  neutralise  about  50-51  c.c.  of  baryta-water. 

Supposing  for  the  moment  that  it  requires  50-80  c.c.  of  the  baryta-water  to 
neutralise  the  10  c.c.  of  the  acid,  then  1  c.c.  =  0-2205  c.c.  of  COj  at  normal 
temperature  and  pressure. 

Calculaiionof  Result.  Capacity  of  air-bottle  =  2650  c.c. ;  t«mperatin-eof  aircol- 

lected  =15°  C.  ;  baryta-water  used  =50  c.c. ;       HCl  put  in  filter-flask  =10  c.c.  ; 

after  absorption  of  CO  a,  filtration,  and  titration  of  baryta-water  from  air-bottle, 
further  amount  of  baryta-water  required  to  be  added  for  neutralisation  = 
4-50  c.c. 

Capacity  of  bottle  minus  50  c.c.  of  baryta-water  =  2650  -  50  =  2600  c.c. 
Total  baryta-water  used  =  50  c.c.  -|-  4-50  c.c.  =  54-50  c.c. 

N 

Amoimt  baryta-water  required  to  neutralise  10  cc—  acid  =  50  80  c.c. 
Difference  in  excess  baryta-water  employed  =3-70  c.c. 


1.  ^  solution  of  hydrochloric  acid,  which  has  been  most  carefuUy  standard- 
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The  proportion  of  COg  in  the  air  of  sample  per  10,000  volumes  at  15°  C.  is 
worked  thus  : 

10,000  vols,  of  air  at  0°  C.  =10,540  vols,  at  15°  C. 


3-70  X  0-2205  x  10540 
2600 


=  3-31  vols.  CO2  per  10,000  vols. 


This  method  may  be  employed  in  samples  of  air  conveyed  from  a  distance 
provided  the  Winchester  quart  bottles  are  stoppered  airtight  till  analyses  are 
made.  Rubber  stoppers  are  best  for  this  purpose,  although  vaselined  glass 
stoppers  also  serv^e  the  pm-pose  well.    (Fig.  35.) 

Pettenkofefs  Tube  Method. — The  reagents  and  standard  solutions  used  are 
the  same  as  in  previous  method.  The  apparatus  consists  of  two  tubes  A  and  B, 
the  one  placed  above  the  other,  both  connected  Avith 
each  other  and  vdth  an  aspirator  C,  of  known  cubic 
capacity  by  means  of  tight  rubber  tubing.  100  c.c.  of 
baryta-water  are  put  into  each  tube,  the  connections 
duly  made,  and  thereupon  air  is  drawn  slowly  in  a 
series  of  fine  bubbles  through  the  tubes,  by  opening 
the  tap  of  the  aspirator.  The  quantity  of  air  to 
be  tested  is  regvilated  by  the  size  of  the  aspirator. 
At  the  end  of  the  experiment,  the  contents  of 
tubes  A  and  B  are  emptied  into  separate,  clean, 
glass-stoppered  flasks,  to  allow  precipitates  of  barium 
carbonate  to  subside.  Meanwhile,  50  c.c.  of  stock 
solution  of  baryta-water  is  being  titrated  against 
standard  oxaUc  acid,  and  the  mmiber  of  c.c.  re- 
quired are  noted.  When  the  exposed  baryta-water 
has  cleared,  50  c.c.  of  the  supernatant  clear  solu- 
tion of  each  bottle  are  pipetted  off,  titrated  as 
described,  and  each  resvilt  multiplied  by  2 ;  the 
sum  of  both  equals,  after  calculation,  the  total  CO  2 
in  the  total  volume  of  air  passed  through. 

Of  the  two  methods  of  Pettenkofer  this  is  certainly 
the  more  accurate,  although  the  needed  apparatus  is 
not  so  portable  in  the  latter. 

Professor  Walker  of  Edinburgh  has  suggested  a 
modification  of  Pettenkofer's  Flask  Method.  This 
consists  in  using  a  Winchester  quart,  the  rubber 
stopper  of  the  mouth  of  which  is  perforated  to 
enable  two  glass  tubes  provided  with  stopcocks  to  be 

N 

passed.    By  means  of  one  of  these  tubes  50  c.c.  of  _ 

baryta  -  solution   are    introduced    into    the  bottle, 
and  the  air  -  contents  shaken  up  for  about  fifteen 
minutes.    After  this  the  Winchester  bottle  is  inverted,  and  the  contained 
baryta-water  passed  into  a  Soxhlet  apparatus  with  asbestos  or  glass-wool  filter 

N 

connected  with  a  filtering  flask  charged  with  10  c.c.  of  _  hydrochloric  acid, 

which  in  tirm  is  connected  with  a  filter-pump.  By  means  of  the  filter-pump 
and  stopcocks,  the  air-bottle  is  washed  out  three  times  with  neutralised  dis- 
tilled water,  this  operation  being  completed  with  entire  exclusion  of  atmospheric 

N 

air.    The  excess  of  hydrochloric  acid  is  now  titrated  back  with  —  baryta-water, 

50 

and  the  quantity  required  is  the  measure  of  the  amount  of  CO 2  present  in  the 
air  of  the  jar,  since  the  carbonate  of  barium  formed  is  arre.stod  in  the  Soxlilet 
filtering-tube,  and  consequently  the  alkaline  barium-solution  is  less  in  valency 
as  is  the  excess  of  hydrocliloric  acid.    Walker  claims  for  this  process  an  accuracy 
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which  in  no  case  varies  on  one  side  or  other  of  the  truth  more  than  01  volumo  in 
10,000  of  air. 

Hesse's  Method. — Tlie  apparatus  consists  of  A,  tlie  reserve  laboratory 
portion  and  B,  the  portable  portion. 

A  consists  of  (1)  Stock  saturated  solution  of  baryta-water,  made  by  dissolving  in 
4  to  5  htres  of  water,  1  kilo,  of  hydrated  oxide  of  barium,  Ba{0H)2,  and  50 
grammes  of  barium  chloride,  BaClj.  As  the  solution  is  used  to  make  the  work- 
ing solution,  water  is  added  so  long  as  the  barium  compounds  are  in  exce.ss  to 
saturate  the  water  ;  (2)  Working  solution  of  the  same  ;  the  bottle  which  contains 
it  being  provided  with  absorption-flask  containing  pumice-stone  saturated  wliilo 
hot  with  heated  caustic  potash,  to  arrest  CO,  of  the  entering  air  as  the  solution  is 
siphoned  off  as  needed  ;  (3)  Standard  Solution  of  Oxalic  Acid,  containing  5-6325 
grammes  pure  acid  per  Htre  of  distilled  water,  of  which  1  c.c  =1  c.c.  vol.  of 
COg ;  (4)  Alcoholic  solution  of  phenolpMhalein,  1  to  250. 

jB  consists  of  (1)  Five  thick- walled  Erlenmeyer  flasks  of  ^,  J,  I,  ^-litre- 
capacity  respectively,  exact  cubic  capacity  of  each  of  which  to  lower  level  of 

fitted  rubber  stopper  has  been  carefully 
ascertaiaed  and  marked  on  flask.  Each 
flask  is  fitted  with  a  2-holed  rubber 
stopper,  the  holes  being  fitted  with 
pieces  of  glass  rod  well  rounded  at 
lower  end  and  button-shaped  at  top  ; 

(2)  Thick  -  walled    10    c.c.   pipette  : 

(3)  Bvnette,  with  glass  stopcock,  of 
25  c.c.  capacity  and  graduated  in 
tenths,  having  a  spit  or  tip  from  7 
to  10  centimetres  ia  length  ;  (4)  Flasks 
of  300  c.c.  capacity,  provided  with 
absorption-bottles  and  filled  with  solu- 
tion of  baryta-water  (No.  2  above),  to 
which  a  few  drops  of  rosolic  acid  have 
been  added  to  faintly  colour  the  con- 
tents ;  (5)  Bottles  of  250  c.c.  capacity, 
filled  with  oxahc  acid  solution,  made 
by  mixing  25  c.c.  of  strong  acid  solution 
(No.  3  as  above)  with  distilled  water  up 
to  250  c.c. :  1  c.c.  of  solution  =-0056325 

gramme  of  oxahc  acid  =-01  c.c.  vol.  of  COj ;  (6)  Thermometer  (Cent.); 
(7)  Aneroid  or  mercurial  barometer. 

By  this  method  each  determination  of  CO,  is  made  ia  duplicate,  but  with 
different  volumes  of  air.  Thus,  i  and  J,  or  |  and  I,  or  \  and  ^V-li^'^^  flasks 
are  used  together,  depending  upon  hkely  impiu-ity  of  air. 

Modus  operandi. — Take  samples  of  air  by  first  filling  flasks  with  water  at 
place  of  examination  and  temperature  of  place,  and  then  emptjang  them  in  the 
room,  rinsing  with  distilled  water,  and  draining  dry,  care  being  taken  neither  to 
warm  flasks  with  the  hands,  nor  to  breathe  into  them.  Then  take  the  stopper 
of  flask  to  be  used,  pass  through  one  opening  of  it  a  10  c.c.  pipette  ;  insert  point 
of  pipette  into  dehvery-tube  of  dilute  baryta-water  ;  fill  to  10  c.c.  mark  ;  place 
stopper  in  position  in  mouth  of  air-flask ;  drain  pipette  contents  into  flask  ;  then 
withdraw  pipette  and  quickly  close  opening  with  glass  rod.  Repeat  the  process 
■with  the  second  smaller  air-flask.  Allow  air-flasks  to  stand  for  about  1 5  minutes 
or  more,  with  occasional  agitation,  to  absorb  COj.  In  the  interval,  titrate  the 
alkaUnity  of  10  c.c.  baryta-water  in  ^^-htre  flask  with  oxahc  acid  solution 
(No.  5  as  above)  imtil  colom-  is  discharged  ;  note  number  of  c.c.  of  acid  required. 
Tlien  proceed  to  titrate  the  baryta-water  in  air-flasks,  tvithoitt  removing  barium 
carbonate  formed,  in  the  following  manner  : — Remove  glass  rod  from  one  hole 
of  stopper,  quickly  insert  in  its  place  the  long-spitted  burette  filled  to  zero 
mark  wth  oxahc  acid  solution,  titrate  carefully,  with  rotatory  motion  of  flask. 


Fig.  -36. 


-Wolffs  Apparatus  for  Testing  for 
Carbon  Monoxide. 
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until  colour  is  discharged,  and  note  number  of  c.c.  required.  Should  contents 
of  biu-ette  cease  to  rim  during  the  process,  gently  ease  the  glass  rod  of  second 
openint^.  Proceed  with  second  air-flask  in  hke  mamier  ;  then  calculate  results 
to  normal  temperatiure  and  prossvu-e,  and  take  the  mean  of  results  as  the  amount 
in  volumes  of  CO,  present  in  10,000  volumes  of  air  of  samples.  This  process, 
when  carefully  conducted,  gives  most  accm-ate  results. 

Haldane's  Apparatus. — This  apparatus  is  of  the  gasometric  type,  the  amount 
of  CO 2  present  in  a  given  volume  of  air  being  estimated  after  absorption 
by  KHO  solution.  The  portable  apparatus  was  designed  in  coimection  with 
tlie  work  of  the  Home  Office  Coramittee  on  Ventilation  of  Factories  and  Work- 
shops, and  is  figiu-ed  in  the  Report  of  that  Committee.i  It  is  claimed  for  the 
apparatiis  that,  being  enclosed  in  a  suitable  case,  it  may  easily  be  transported 
from  place  to  place,  that  it  is  always  ready  for  use,  and  that  an  accurate  result 
may  be  obtained  witliin  five  minutes,  no  calculations  being  required.  The 
quantity  of  air  taken  into  the  apparatus  is  measured  at  the  room  temperature, 
which  is  to  be  noted.  By  manipulating  stopcocks  on  glass  tubes  and  the  raising 
and  lowering  of  the  mercm-y  reservoh,  the  air  is  washed  with  KHO  solution 
and  freed  of  its  contained  CO  3.  The  original  volume  of  intaken  air  being  now 
remeasvu-ed  in  the  graduated  tvibe,  the  difference  in  diminution  is  the  amount 
of  COo  absorbed,  and,  therefore,  the  amoimt  of  that  gas  contained  in  the  original 
air.  Ha\Tng  experimented  largely  with  the  apparatus,  we  agree  with  the  claims 
made  for  it,  its  only  drawback  being  that,  when  out  of  use  for  a  short  interval,  the 
caustic  potash  solution  is  apt  to  bind,  almost  to  vitrification,  the  stopcocks  and 
lead  to  breakage  of  the  tubes  in  attempts  to  release  the  stoppers. 

Detection  of  small  Amounts  of  Carbon  Monoxide  in  Air. — The  best  quahtative 
method  is  that  of  Vogel,  wliich  is  based  upon  the  formation  of  a  compound  of  the 
gas  with  hEemoglobin  known  as  carboxyhsemoglobin.  Wolff's  apparatus  is 
exceUent  for  the  apphcation  of  the  test.  It  is  prepared  in  the  foUowing  way  : 
Close  constriction  at  d  with  a  plug  of  glass-wool,  fill  tube  d  to  f  with  glass, 
powdered  as  fine  as  ordinary  gimpowder,  after  sifting,  digesting  with  HCl,  wash- 
ing with  water,  and  drying  it ;  moisten  it  in  situ  with  distilled  water  ;  apply 
water-pump  connection  at  e,  to  drain  through  surplus  water,  wliich  is  run  off 
by  stopper  c  ;  thereafter,  drop  over  glass  powder  2  c.c.  of  dilute  blood  (prepared 
as  below)  1  to  20  ;  gently  blow  through  g  to  distribute  blood  solution  evenly 
tlirough  glass  powder  ;  attach  aspirating  vessel  of  known  capacity  at  e,  and 
aspirate  through  about  10  htres  of  air  at  the  rate  of  about  1  htre  per  20  to  25 
minvites.  When  room  air  is  being  examined,  the  air  ought  first  to  be  passed 
through  a  glass  cyUnder  containing  pvunice-stone  moistened  with  water,  which 
may  be  attached  "at  g.  When  the  above  quantity  of  air  has  been  passed,  from 
3  to  5  c.c.  of  distilled  water  should  be  added  to  tube-contents  at  a,  the  aspirator 
disconnected,  and  the  water-pump  connected,  so  that  the  blood-solution  and 
added  water  shall  be  drawn  tlu-ough  into  lower  part  of  tube,  wliich  may  be 
removed  at  c  for  spectroscopic  examination.  After  the  operation  is  over,  the 
glass  powder  should  be  washed  clean  with  water  and  drained,  ready  for  other 
experiments.  The  blood-solution  to  be  used  is  obtained  by  mixing  fibrin-free 
blood  with  a,nequal  volume  of  cold  saturated  solution  of  borax,since  by  this  addition 
decomposition  is  prevented,  the  spectroscopic  properties  are  not  interfered 
with,  nor  is  the  action  with  ammonium  sulphide.  One  c.c.  of  the  mixture  added 
to  19  c.c.  of  distilled  water  is  the  strength  to  bo  used,  and  2  c.c.  are  the  quantity 
for  each  experiment.  The  above  test  will  detect  -05  per  cent,  of  carbon  mon- 
oxide in  air.  The  blood  is  thereafter  examined  spectroscopically  by  the  direct- 
vision  spectroscope  for  the  characteristic  bands  of  carboxyhsemoglobin  (vide 
p.  655,  vol.  i.).    (Fig.  36.) 

Methods  for  Detection  of  Organic  Matter  in  Air. — (a)  Wanklyn's  method  of 
estimating  organic  matter  in  terms  of  ammonia.  Connect  with  an  aspirator  of 
known  capacity  a  wash-bottle  containing  50  to  100  c.c.  of  ammonia-free  water, 


1  Parliamentary  Paper  Cd.  1302,  1902,  p.  117. 
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which  is  placed  in  ice  or  a  strong  solution  of  ammonium  nitrate.  Aspirat^j 
throxigh  the  water  not  loss  tluin  5  to  10  litres  of  air.  At  end  of  experiment  place 
contents  of  wash-bottlo,  after  addition  of  100  c.c.  of  ammonia-free  water,  into  a 
retort  connected,  with  Liebig's  condenser,  and  distil  for  /ree  and  albuminoid 
ammonia  as  in  the  process  for  water  analysis  (q.v. ).  After  Nesslerising,  calculate 
results  into  volumes  of  air  used,  and  state  in  terms  of  ammonia  per  100,000  or 
million  volumes  of  air. 

(6)  Carnelly's  process.  Reagents  required  :  (1)  ^  solution  of  KMnOi  =  -316 
grammes  of  salt  per  litre  of  freshly  distilled  water ;  (2)^-^_  solution  of  the  same, 

made  by  mixing  100  c.c.  of        solution  with  50  c.c.  of  dilute  sulphuric  acid 

(1  to  10),  and  making  up  to  one  litre  with  distilled  water  ;  (3)  Dilute  sulphuric 
acid  (1  to  10). 

Apparatus  required  :  (a)  Large  air-jars  or  Pettenkofer's  tubes  ;  (6)  Burettes 
and  pipettes  ;  (c)  Bellows. 

Modus  operandi. — Fill  air-jar  of  known  capacity  with  air  to  be  examined  ; 

add  50  c.c.  of         KMnO.  solution ;  and  wash  well,  by  agitation,  air  of  jar  with 

1000  >  J    &  '  i 

solution  for  5  to  10  minutes.  Having  prepared  two  chemically  clean  Nessler  or 
Hehner  glasses,  A  and  B,  into  A  put  25  c.c.  of  KjMn04  solution  from  air-jar,  and 
add  to  100  c.c.  mark  with  distilled  water,  and  into  B  put  25  c.c.  of  IGSInOj 

solution  from         stock  bottle,  and  add  to  100  c.c.  with  distilled  water.  CJom- 
1000 

pare  the  colom-s  in  the  glasses.  There  will  be  decolorisation  in  A  in  proportion 
to  amount  of  oxygen  used  up  by  organic  matter  of  air  in  air-jar,  or  the  amovmt  of 
air  passed  tlirough  the  Pettenkofer  tubes,  if  such  have  been  used  instead  of  an 

N 

air-jar.  From  a  burette  charged  with  K  Mn04  drop  into  glass  A,  with  stir- 
ring, such  a  quantity  as  will  make  colours  of  A  and  B  exactly  aUko.  The  amount 
added  will  be  half  the  measure  of  oxygen  used  up.  Multiply  the  niunber  of  c.c. 
required  by  two,  and  the  answer  by  -0056  to  bring  oxygen  to  volumes  ;  calculate 
the  result  into  one  million  volumes  of  air  examined.    Thus  :  suppose  25  c.c. 

■  N 

solution  from  air-iar  required  3  c.c.  of          solution  to  make  colours  in  A  and  B 

^       ^  1000 

alike  ;  then  3x2  =6  c.c.  for  total  solution  used,  and  6  x  -0056  =-0336  volumes  of 

oxygen  used  up  by  air-contents  of  jar.    But  the  capacity  of  air-jar  is  3500  c.c. 

less  50  c.c.  air-space  taken  up  by  solution  added — viz.  3450  c.c.  ; 

then  3450  c.c.  :  1,000,000  :  :  -0336  :  x 

.-.  a;  =9-74  volumes  of  oxygen  per  milUon  volumes  of  air  required  to 
oxidise  organic  matter  present. 

Corrections  must  be  made  for  temperature  and  pressure.  The  above  test  when 
used  for  testing  the  air  of  a  room  in  which  artificial  liglits,  other  thim  electric, 
have  been  used,  is  open  to  the  objection  that  decolorisation  of  the  permanganate 
solution  is  affected  by  oxidisable  products  of  combustion,  and,  tiierofore,  the 
result  carmot  be  taken  to  be  truly  representative  of  organic  matter  given  off 
from  the  bodies  of  the  occupants.  Moreover,  it  is  sometimes  difficult  to  exactly 
match  the  colours.  At  the  same  time,  the  test  is  probably  the  best  availalile  for 
estimating  organic  matter  in  air. 


CHAPTER  V 


HEATING  AND  LIGHTING 


The  sources  of  heat  in  occupied  apartments  may  be  summed  up  under 
the  following — viz. 

(o)  Open  Fires,  which  consume  coal  or  wood ; 

(6)  Closed  Stoves,  which  consume  coal,  wood,  or  oil ; 

(c)  Gas  Fires ; 

(d)  Hot-water  Installations,  at  ordinary  pressure ; 

(e)  Hot-water  Installations,  at  high  pressure ; 
(/)  Steam-coils. 

{a)  Open  Fires. — The  open  fire  still  holds,  in  this  country  at  least, 
the  premier  position  as  the  source  of  heat  in  houses.  It  sends  out 
radiant  heat  which  is  stimulating  and  exhilarating ;  this  warms  the 
objects  which  it  strikes — the  bodies  of  the  occupants,  objects  of  furni- 
ture, walls  of  room — and  the  room  to  a  greater  or  lesser  extent  is  thereby 
warmed.  It  least  of  all  directly  warms  the  air.  It  is  without  question 
the  most  healthful  form  of  heating,  for  not  only  does  it  provide  heat, 
but  it  also  gratifies  the  senses  as  no  other  form  can.  The  objections, 
from  the  economical  point  of  view, 
which  have  been  urged  against  it, 
and  with  much  truth,  are  :  (1)  that  its 
heating  effect  is  most  unequal,  since 
the  intensity  of  radiant  heat  is  in 
direct  proportion  to  the  temperature 
of  its  pource,  and  inversely  as  the 
square  of  the  distance  from  the 
source ;  hence  the  greatest  amount 
of  heat  is  in  the  immediate  vicinity 

of  the  fireplace ;  (2)  that  it  is  most  wasteful  of  fuel  with  relation  to 
the  amount  of  heat  given  off  into  the  room- atmosphere ;  indeed, 
in  an  ordinary  fireplace  it  may  be  reckoned  that  from  five-eighths  to 
three-fourths  of  the  total  heat  generated  is  of  no  value  to  the  apartment. 
From  the  economic  standpoint  these  are  cogent  objections.  Probably 
the  first  objection  will  always  more  or  less  obtain,  no  matter  the  kind 
of  fireplace  used,  or  the  mode  of  consumption  of  fuel  which  is  adopted. 
(Fig.  37.)    But  improvements  may  be  instituted  to  remedy  the  objec- 
tion with  respect  to  unnecessary  waste  of  fuel.    This  waste  is  due  to 
two  factors  chiefly  — viz.  {a)  faulty  construction  of  fireplace,  grate, 
and  throat  of  chimney,  and  {b)  the  mode  of  consumption  of  fuel.  In 
ordinary  use,  probably  about  one-third  of  the  coal  passes  oft'  in  smoke 
which  produces  no  heat,  but  only  assists  in  contaminating  the  general 
atmosphere  outside.    This  may  be  called  active  or  quick  combiistion,  as 
contradistinguished  from  slow  combustion  which  is  accomplished  by 
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Fig.  37.— Griffin's  Grate. 
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regulating  the  amount  of  air  to  be  supplied  to  and  which  is  required 
by  the  fire  for  combustion.  In  ordinary  or  quick  combustion,  the  aii- 
supply  passes  through  and  from  beneath  the  fire-seat ;  in  slow  com- 
bustion, it  is  only  permitted  to  pass  through  the  fire-seat.  In  con- 
sequence of  the  reduced  air-supply,  combustion  is  less  rapid,  the  fuel 
lasts  longer,  and  the  air-movement  in  the  flue  is  slower ;  so  that  for  a 
smaller  quantity  of  fuel,  a  larger  amount  of  heat  is  conserved  for  heating 
the  apartment.  From  a  long- continued  series  of  practical  experiments 
with  difierent  forms  of  grates,  we  have  found  that  not  only  is  the  slow- 
combustion  grate  the  most  economical  of  fuel,  but  that  more  heat  per 
unit  of  fuel  is  given  off  into  the  room.  The  simpler  the  form  of  grate 
the  better.  We  devised  the  following  grate  for  an  apartment  of  about 
6000  cubic  feet  capacity.  It  consisted  of  a  plain  metal  frame  placed 
"  flush  "  with  the  wall  of  the  room.  The  floor  was  composed  of  one 
large  thick  firebrick,  and  the  sides  and  back  were  formed  in  the  same 


Fio.  38.— Brown  and  Greene's  Grate,  to  aid  in  smoke-con-  being  warmed  by  the  heat  of  the 

sumption.    By  means  of  a  specially  constructed  shovel  'ire  in  the  grate,  passes  into  the 

fresh  coal  is  put  into  the  lire,  on  the  curved  ledge  shown  apartment, 
in  the  section,  below  the  incandescent  coal. 


way.  The  outer  lining  of  the  fireplace,  behind  the  side  and  back  bricks, 
was  built  up  of  fireclay  bricks  set  in  cement.  The  throat  of  the  flue 
was  contracted  and  rounded  in  cement.  To  start  the  fire,  a  blower 
which  consisted  of  a  sheet  of  iron,  was  made,  which  fitted  into  a  sliding 
socket  in  the  upper  part  of  the  grate-frame,  and  which  could  be  pulled 
down  when  required,  and  replaced  when  the  fire  was  started.  Such 
a  fire  required  to  be  replenished  but  twice  daily  ;  and  even  after  it  was 
out,  much  heat  was  given  off  from  the  fire-bricks.  Another  advantage 
of  the  slow-combustion  grate  is  that  objectionable  draughts  are  less 
likely  to  be  produced  betw^een  the  windows  and  door  and  fireplace. 
While  these  grates  would  not  be  an  absohite  cure  for  smoky  atmospheres, 
there  is  no  doubt  that  smoke-production  would  be  greatly  reduced. 
Other  forms  of  grates  have  been  devised  with  the  avowed  object  of 
smoke-prevention.  Fig.  38  shows  one  form  in  which  the  fresh  coal 
is  placed  in  the  fire  by  a  specially  constructed  shovel  on  the  curved 
ledge  shown  in  the  section  below  the  incandescent  coal.  Next  to 
petroleum,  coal  gives  off  per  unit  more  heat  than  any  other  form  of  fuel. 

{b)  Closed  Stoves. — To  some  extent  these  are  used  in  this  country, 
but  they  are  more  commonly  employed  in  countries  which  experience 
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more,  rigorous  winters.    They  economise  fuel.    Tliey,  liowever,  warm 
the  air  of  the  room  more  than  the  objects  in  it,  and  they  do  not  act 
so  efficiently  as  exits  for  foul  air  as  the  open  grate.    They  are  made 
of  cast-iron,  either  solely,  or  with  an  external  covering  of  porcelain 
slabs  or  tiles.    Such  stoves  are  by  no  means  impervious  to  the  gases 
of  combustion,  not  only  from  the  loosening  of  the  joints  and  seams 
consequent  upon  alternate  expansion  and  contraction,  but  when  red 
hot  they  are  pervious  to  carbon  monoxide.    The  source  of  this  gas  is 
still  an  open  question ;  it  is  doubtful  whether  it  is  due  to  imperfect 
combustion  of  the  coal,  to  the  oxidation  of  the  organic  matter  of  the 
air  coming  in  contact  with  the  heated  metal,  or  to  the  combustion  of 
the  carbon  contained  in  the  iron  of  the  stove  itself  ;  all  of  these  causes 
have  been  suggested.    Probably  the  chief  objection  to  the  use  of  stoves 
lies  in  the  fact  that  they  "  dry"  the 
air  of  the  room ;  in  other  words, 
they  produce  upon  the  occupants  the 
sensation  of  dried  air.    The  effect 
is  by  no  means  imaginary,  and  is 
caused  in  the  following  way.    As  we 
have  already  seen,  the  quantity  of 
watery  vapour  in  the  air  at  any 
given  time  is  dependent  upon  the 
temperature  of  the  air ;    in  other 
words,  for  each  temperature  there 
is  a  maximum  amount  which  the  air 
can  sustain,  called  the  satumtion- 
foint.  Most  commonly,  however,  air 
only   holds   some   percentage  pro- 
portion of  this ;   and  most  comfort 
is  experienced  when  that  proportion 
is  from  70  to  80  per  cent.    If  we  as- 
sume that  when  a  stove  is  lighted, 
the  temperature  of  the  air  of  the 
room  is  40"  F.,  and  that  it  then 
holds  75  per  cent,  of  watery  vapour 
for  that  temperature,  when  the  room  temperature  has  risen  to  65"  F., 
the  percentage  of  humidity  for  that  temperature  will  become  less  than  75 
per  cent.,  since  the  total  amount  of  watery  vapour  capable  of  being 
sustained  increases  with  rise  of  temperature ;   consequently,  the  air 
feels  dry  to  the  occupants.    What  happens,  then,  is  this.    The  air 
robs  the  bodies  of  the  occupants  of  moisture  to  satisfy  its  needs,  and 
hence  the  skin  begins  to  feel  dry,  the  hair  crisp,  and  an  indefinable 
sense  of  discomfort  supervenes.    This  is  commonly  overcome  by 
placing  shallow  vessels  containing  water  in  the  vicinity  of  the  stove. 

(c)  Gas  Fires. — It  may  be  conceded  at  once  that  gas  fires  are 
handy,  cleanly,  and  comparatively  cheap  as  sources  of  heat.  For 
cooking  purposes,  especially  in  summer,  they  can  be  used  as  needed, 
and  so  they  save  the  needless  expenditure  of  coal  fuel.  But  as  a  source 
of  heat  in  rooms,  except  in  bedrooms  where  they  are  used  only  for  a 
short  time  before  retiral  to  bed,  we  arc  decidedly  against  their  use.  We 
have  tried  practically  many  forms,  but  have  discarded  them  all.  All 


Fic.  40.— Doiilton's  Tiled  Stove.  Vide 
F'ig.  21  for  section-plan  of  stove. 
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the  objections  which  have  been  oft'ered  against  coal  stoves  have  greater 
force  against  these,  not  only  from  the  point  of  view  of  efficiency,  but 
chiefly  from  that  of  health.  Perhaps  the  least  obiectionable  form  is 
that  in  which  a  series' of  Bunsen  jets  is  fitted  into  an  ordinary  grate 
filled  with  chunks  of  asbestos  or  fire-clay,  since  some  of  the  radiant 
heat  of  the  coal-fire  is  provided,  and  there  is  an  ample  flue  for  the 
escape  of  the  products  of  combustion.  The  same,  however,  cannot  be 
said  of  those  gas-heaters  which  are  provided  with  flue-pipes  of  one-half 
to  one  inch  diameter  only.  Such  flues  are  worse  than  useless  ;  indeed, 
they  are  delusive  and  dangerous,  especially  where  coal-gas  contains 
an  admixture  of  water-gas,  or  of  carburetted  gas  which  is  rich  in  carbon 
monoxide,  because  of  the  inadequate  provision  for  carrying  away  the 
products  of  combustion  or  unconsumed  gas  due  to  a  choked  burner  or 
one  which  has  struck  back.  Flueless  gas  stoves  are  positively  harmful, 
unless  sufficient  provision  be  made  to  neutralise  by  absorption  the 
resultant  gases  of  combustion.  Those  which  profess  to  do  this  are 
still  on  their  trial ;  and  until  some  special  provision  has  been  made 
to  absorb  carbon  monoxide,  which  is  exceedingly  poisonous,  and  at  the 
same  time  odourless,  they  cannot  be  deemed  safe  or  healthy.  Acetylene 
is  liable  to  be  given  off  from  gas  fires  where  the  Bunsen  burners  become 
choked,  or  strike  back.  This  gas  is  very  irritating  to  throat  and  lungs, 
and  is  apt  to  exercise  prejudice  to  the  health  of  those  exposed  to  it. 
This,  however,  is  not  an  objection  to  the  use  of  gas  as  a  fuel,  but  to 
its  improper  use.  At  the  same  time,  the  generation  of  acetylene  is 
very  common  from  want  of  attention,  while  its  rectification  is  easy. 
Upon  the  whole,  it  appears  to  us  that  the  drying  of  the  air  is  greater 
with  gas  fires  or  stoves  than  even  with  coal  stoves.  The  special  field 
of  usefulness  of  the  gas  fire  is  that  of  cooking. 

Oil  stoves  are  objectionable  also  from  the  health  point  of  view. 
There  is  no  practical  difference  between  burning  several  wicks  under 
cover  of  coloured  glass  and  burning  several  single  lamps  ;  they  equally 
consume  air,  and  for  equal  quantities  of  heat  consume  more  oxygen 
than  coal-gas.  Besides,  they  are  usually  unprovided  with  flues  of  any 
kind,  and  are  calculated,  therefore,  to  charge  the  atmosphere  with 
excess  of  COg.  Another  objection  to  their  use  is  the  disagreeable  odour 
of  acrolein  which  is  produced  by  the  combustion  of  poor  oils,  or  of  oil 
in  an  imperfectly  cleaned  stove. 

In  short,  all  stoves  heat  the  air  of  the  room  by  conduction ;  the 
open  fire,  by  radiation.  The  former  do  not  act  as  efficient  outlets  of 
foul  air — indeed  flueless  stoves,  not  at  all ;  the  latter  acts  more  or 
less  efficiently.  Whatever  faults  the  open  fire  possesses,  it  is  much 
superior  from  the  point  of  view  of  health  than  any  kind  of  stove. 

(cZ)  Hot-Water  Installations  :  At  Ordinary  Pressure. — Heating  by 
pipes  containing  hot  water  about  a  temperature  of  180-200°  F.  is  in 
common  use  in  large  public  buildings,  such  as  halls,  churches,  hospitals, 
schools,  barracks,  and  the  like.  It  is  coming  into  use,  however,  in 
large  private  dwellings.  The  heated  pipes,  which  are  composed  of 
cast-iron,  warm  the  air  of  the  apartment  by  conduction,  or 
convection.  Provided  special  arrangements  are  made  for  the  ventila- 
tion of  the  apartments,  little  or  no  objection  can  be  offered  to  their 
use.    The  only  precaution  which  requires  to  be  taken  is  that  the  con- 
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tents  of  the  cold-water  supply- cistern  should  be  prevented  from  freezing. 
Such  an  occurrence  is  by  no  means  unknown.  Moreover,  in  view 
of  possible  cessation  of  the  public  water-supply  for  a  period  of  time, 
it  is  advisable  to  have  a  resei-voir-cistern  to  fall  back  upon  when  needed. 
In  the  system,  the  boiler  is  the  lowest  point,  and  the  circulation  depends 
upon  the  fact  that  heated  water  becomes  lighter  and  rises,  cools  in 
passing  along  the  pipes,  and  falls  by  gravity  back  to  the  boiler.  The 
allowance  for  heating  surface  per  thousand  cubic  feet  of  air  to  be  heated 
is  twelve  feet  of  i-inch  piping.  Hood,  in  his  treatise  on  AVarming 
and  Ventilation,  shows  that  one  foot  length  of  a  four-inch  pipe  con- 
taining water  at  a  temperature  125°  F.  above  that  of  the  surrounding 
air  will  raise  222  cubic  feet  of  air  one  degree  of  temperature  per  miiiute 
— that  is,  aboiit  190  cubic  feet  for  every  superficial  foot  of  surface  of  pipe. 
In  order  to  calculate  the  necessary  extent  of  piping  required  to  heat 
any  given  confined  space,  he  recommends  that  the  total  cubic  space 
in  feet  be  multiplied  by  the  number  of  degrees  of  temperature  desired, 
and  that  the  product  be  divided  by 
190  into  the  time,  reduced  to  minutes, 
within  which  the  desired  temperature 
is  to  be  attained  ;  the  answer  will  be 
the  number  of  superficial  feet  of  pipe 
required.  Careful  allowance  must, 
at  the  same  time,  be  made  for  win- 
dows and  open  ceilings.  When  a 
temperature  of  60°  ,  F.  above  that  of 
the  external  air  is  wanted,  the  rule 
is  to  add  one  foot  of  piping  for  every 
two  and  a  half  feet  of  glass  superficies. 

(e)  At  Hifjh  Pressure. — This  form 
of  installation,  in  which  the  water  is 
heated  under  a  pressure  of  three  or 
four  atmospheres,  is  fitted  with  pipes 
of  smaller  diameter  than  in  the  previous  system,  which  are  made 
of  wrought-iron.  They  are  thick  in  the  wall  and  their  internal 
diameter  is  half-an-inch.  The  pipes  form  a  continuous  system,  shut 
off  from  the  air,  except  at  the  highest  point,  where  an  expansion  branch- 
pipe  is  placed  to  prevent  explosions.  There  is  no  boiler  in  the  system, 
the  water  being  heated  by  a  length  of  the  pipe,  usually  from  about  one- 
tenth  to  one-sixth  of  the  total,  placed  in  the  furnace.  The  temperature 
of  the  water  is  usually  about  300°  F.  By  reason  of  this,  the  extent  of 
piping  required  is  less  than  in  the  other  system.  It  is  commonly 
estimated  that  8  or  9  feet  of  piping  is  equivalent  in  heating-power  to 
12  feet  of  the  other. 

(/)  Steam-Coils. — Steam  is  also  used  in  pipes  for  warming  pur- 
poses, and  cither  at  high  or  low  pressure.  In  workshops  and  factories 
where  steam-power  exists,  the  waste  steam  is  usually  employed  for 
this  purpose.  The  size  of  pipe  to  be  used  necessarily  depends  upon 
the  area  to  be  warmed.  Connected  with  the  steam-pipes,  at  suitable 
points  radiators  are  placed.  In  these,  the  calibre  of  the  pipes  is 
purposely  made  larger  than  tliat  of  the  supply-pipe,  so  as  to  favour 
condensation  and  thus  favour  the  liberation  of  latent  heat ;  but  it  is 


Fig.  41.— Hot-Water  E-adiator 


160 


PUBLIC  HEALTH 


necessary  tliat  facilities  be  provided  for  the  rapid  return  to  the  boiler 
of  the  condensed  vapour.  Probably  the  only  large  experiment  of 
heating  the  homes  of  a  community  by  steam  is  that  which  was  carried 
out  in  Lockport,  America.  The  steam  can  be  turned  on  and  oil  at 
will  in  each  house  in  the  circuit,  and  it  can  be  employed  for  heating 

or  cooking,  or  as  a 
motive  power.  In  all 
of  these  systems  by  hot 
water  or  steam,  valvular 
arrangements  exist  at 
suitable  points  whereby 
the  circuit  can  be  closed, 
or  the  circulation  regu- 
lated. Where  such  sys- 
tems are  installed  it  is 
necessary  to  have  separ- 
ate arrangements  for 
of  ventilation. 


2)i 


FiQ.  42.— High-Pressure  Hot-Water 
apartment  and  also  incoming 


Coil  for   heating  air 
fresh  air  at  A.     F,  main 


hot-water  pipe ;  H,  J,  branch  coil-pipe  ;  G,  expansion-pipe. 


The    Reck  system 
combines  the  low- 
steam  systems,  and  is  held  to 
The  essential  parts  of  the 


pressure  hot- water  and  low-pressure 
overcome  the  disadvantages  of  both 
system  are  these :  (1)  the  steam- 
boiler  ;  (2)  the  reheater ;  (3)  the 
condenser ;  (4)  the  circulator ;  (5) 
expansion-tank ;  and  (6)  the  circu- 
latory pipes  and  radiators.  It  is 
a  closed  system  like  the  ordinary 
hot-water  system. 

The  boiler  in  which  steam  is  gener- 
ated is  automatically  controlled,  and 
a  pressure  of  about  five  pounds  only  is 
required  to  work  the  system.  The 
steam  is  used  to  heat  the  water  in  the 
circulatory  pipes  and  radiators,  and 
also  to  accelerate  the  velocity  of 
circulation  of  the  heated  water  therein. 
From  the  boiler  the  steam  enters  by 
a  pipe  into  a  coil  contained  in  the 
"  reheater  " — a  small  tank  filled  with 
water  connected  with  the  water-filled 
circulation-pipes — and  through  this 
coil  its  water  -  contents  are  heated. 
From  the  top  part  of  the  reheater 
passes  the  rising  main  hot-water 
circulating-pipe.      The  temperature 

of  the  water  in  the  reheater  and  rising  main  can  be  heated  through 
the  agency  of  the  steam-coil  to  a  temperature  of  185°  F.  The  rising 
hot-water  main  pipe,  in  rising  upwards  to  the  expansion-tank — which 
is  the  highest  point  of  the  heating  system — passes  through  the  condenser, 
which  is  formed  like  a  jacket  round  the  main  pipe,  and  then  through 


Fig.  43. 


-System  of  Heating  Houses  by 
Steam. 
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the  "  circulator,"  before  reaching  the  expansion  -  tanlc.  From  the 
top  of  the  reheater  passes  a  steam-pipe  to  the  circulator,  which  lies 
below  the  expansion-tank.  The  steam,  which  is  thrown  into  the  circu- 
lator, is  broken  by  a  diaphragm  into  small  streams  at  the  point  of  mixing 
with  the  ascending  water,  raises  the  temperature  of  the  water  in  the  up- 
rising main-pipe  on  its  way  to  the  expansion-tank,  and,  being  mixed 
with  the  water,  on  reaching  the  expansion-tank  is  partly  disengaged 
from  the  water  into  the  upper  levels  of  the  tank,  from  which  it  escapes 
by  a  pipe  leading  down  to  the  condenser,  and  being  there  condensed 
returns  in  a  pipe  to  the  lower  part  of  the  boiler  by  the  influence  of 
gravity.  The  object  and  intention  of  the  steam-pipe  to  the  circulator 
are  to  give  additional  heat  and,  therefore,  impetus  to  the  hot-water 
flow  near  the  highest  point  of  the  system  where  the  flow  is  apt  to  be 
slowest  and  requires  assistance.  By  the  acceleration  thus  given  to  the 
flow  where  it  is  most  needed,  the  difficulties  met  with  in  low-pressure 
hot-water  systems  of  sluggish  flow  owing  to  length  of  pipes  from  and 
to  lack  of  height  over  the  boiler  are  overcome.  From  the  bottom  of 
the  expansion-tank,  which  is  a  steam-tight  tanlc,  passes  the  main  flow- 
pipe  of  the  circulatory  pipe  system,  from  which  branches  supply  the 
different  radiators.  The  return  water  of  the  system  is  brought  back  to 
the  reheater  by  a  return  main-pipe,  and  thus  the  complete  circulation 
of  flow  is  made.  The  pipes  used  in  this  system  are  only  half  the 
diameter  of  those  employed  in  ordinary  low-pressure  hot-water  systems. 
The  radiators,  which  may  vary  in  size  according  to  the  amount  of  heat 
desired  at  the  required  points,  are  placed  where  they  are  wanted. 

It  is  claimed  for  the  system — a  claim  now  well  established — [a)  that 
no  water-supply  cistern  at  the  top  of  the  building  to  feed  the  boiler 
is  necessary,  as  the  boiler  can  be  fed  directly  from  the  water-main 
connection  at  the  lower  level ;  (&)  that  the  risk  of  freezing  of  supply 
is  thus  reduced  to  a  minimum ;  (c)  that  over-heating  of  boiler  and 
explosion  are  absolutely  impossible  ;  {d)  that  the  system  being  entirely 
automatic  can  be  worked  by  an  unskilled  attendant ;  and  (e)  that  it 
can  be  installed  and  maintained  at  less  cost  than  ordinary  systems. 
The  system,  having  been  installed  for  some  years  in  the  new  Dispensary 
of  the  Western  Infirmary,  Glasgow,  has  proved  an  unqualified  success. 

In  America  especially,  and  in  other  countries,  the  use  of  warmed 
air  supplied  from  hot-air  furnaces  is  very  prevalent.  The  furnace  is 
usuaUy  situated  in  the  basement,  and  from  it  hot-air  flues  are  distri- 
buted through  the  various  apartments.  While  in  this  country  most 
comfort  in  winter  is  attained  by  a  temperature  of  about  65°  F.,  it 
would  appear  that  in  America  that  is  effected  by  one  of  70-75°  F.,  by 
reason  of  the  less  humid  condition  of  the  atmosphere.  Water  vessels, 
however,  are  usually  necessary  in  the  apartments,  because  of  the  dryness 
of  the  air  which  is  produced. 
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LIGHTING  AND  ILLUMINANTS 

Lighting. — Of  the  artificial  illuminants  now  in  use,  the  principal 
in  the  order  of  prevalence  are  the  following — y'iz. 
{a)  Coal-gas ; 

(6)  Oils — ^burned  in  lamps ; 
■  (c)  Electric  light. 

In  the  two  first-named,  the  illumination  is  produced  by  the  com- 
bustion of  inflammable  gases  or  vapours  ;  in  the  last,  from  the  passage 
of  an  electric  current  which,  by  reason  of  resistance  ofiered  to  its 
fui-ther  progress,  raises  a  carbon  filament  to  a  state  of  active  incan- 
descence, or  carbon  pencils  to  a  white  incandescence.  In  the  last,  the 
amount  of  combustion  is  but  small.  The  consumption  of  coal-gas  and 
of  the  hydrocarbons  of  oils  mainly  produces  carbonic  acid  and  water ; 
if,  however,  the  gas  be  imperfectly  purified,  traces  of  sulphur  gases  and 
ammonia  are  also  found.  During  combustion  they  use  up  the  oxygen 
of  the  air.  Electric  lighting  is  not  accompanied  by  any  consumpt  of 
oxygen  and,  therefore,  unlike  the  others,  does  not  contribute  to  the  vitia- 
tion of  the  atmosphere,  inasmuch  as  no  carbonic  acid  is  produced. 

(o)  Coal-Gas. — This  is  composed  of  a  mixture  of  gases,  which  may 
be  divided  into  illuminants,  diluents,  and  impurities.  Of  the  first,  the 
chief  are  ethylene,  propylene,  acetylene,  and  benzene ;  of  the  second, 
hydrogen,  marsh-gas,  carbon  monoxide  ;  and  of  the  last,  nitrogen, 
carbon  dioxide,  sulphuretted  hydrogen.  In  100  parts,  the  first  form 
about  6-5  parts,  the  second  about  90  parts,  and  the  last  about  3-5 
parts.  The  exact  composition  of  coal-gas  depends  upon  the  character 
and  quality  of  the  coal  from  which  it  is  made ;  that  from  canuel  coal 
being  richer  in  illuminants  than  that  from  bituminous  coal.  Of  the 
illuminants  the  principal  is  ethylene,  or,  as  it  is  more  commonly 
termed,  carburetted  hydrogen  or  olefiant  gas.  The  products  of  the 
combustion  of  gas  per  100  parts  are  composed  as  follows  : — nitrogen 
about  67  per  cent.  ;  water,  16  per  cent.  ;  carbonic  acid,  7  per  cent.  ; 
carbon  monoxide,  6  per  cent.  ;  in  addition  to  traces  of  sulphurous 
acid  and  ammonia.  The  chief  results  of  the  use  of  coal-gas  upon  the 
air  of  rooms  are  increase  of  carbonic  acid  and  watery  vapour,  heightening 
of  temperature,  together  with  the  production  of  carbon  monoxide, 
and,  when  improperly  consumed,  the  passage  of  unconsumcd  con- 
stituent gases  and  unconsumed  carbon  into  the  room  atmosphere. 
It  exercises,  moreover,  a  destructive  influence  upon  articles  in  the 
room,  as  books,  pictures,  wall-paper,  etc.,  and  is  not  cleanly.  Each 
cubic  foot  of  gas  consumed  may  be  reckoned  as  polluting  the 
atmosphere  to  the  same  degree  as  one  adult,  since  it  gives  off  half 
its  volume  (0-52)  of  COg  and  1-34  cubic  feet  of  watery  vapour.  Many 
ingenious  contrivances  in  the  form  of  improved  burners  to  ensure 
the  regulation  and  better  consumption  of  gas  have  been  devised,  and 
some  of  these  have  been  associated  with  ventilating  flues  by  which 
the  products  of  combustion  are  carried  out  of  the  apartment.  In  the 
regenerative  gas-burner  of  Siemens,  there  exists  an  arrangeinent  whereby, 
in  a  chamber  heated  by  the  products  of  combustion,  air  and  gas  arc 
warmed  prior  to  their  admixture  and  ignition.    After  the  products 
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have  become  heated  in  the  mixing-chamber  they  are  discharged  into 
the  open  air.  Probably  the  best  form  of  gas  consumption  is  that 
attained  by  the  AVelsbach  incandescent  light.  It  consists  essentially 
of  a  Bimsen  burner,  surmounted  by  a  mantle  of  fine  network  com- 
posed of  asbestos  which  has  been  treated  with  a  solution  of  a  zirconium 
salt.  The  mantle,  by  reason  of  the  intensely  hot  non-luminous 
flame  of  the  Bunsen,  becomes  incandescent  and  emits  a  brilliant  white 
light,  and  for  equal  quantities  of  gas  consumed  gives  more  than  one 
and  a  half  times  the  light  of  the  Siemens  burner.  The  introduction  of 
pendent  lights  fitted  with  small  mantles  has  done  much  to  give  a  new 
lease  of  Hfe  to  gas  as  a  lighting  medium.  It  is  now  being  introduced 
into  street  lighting. 

Since  coal-gas  has  become  so  much  used  for  heating  purposes, 
various  towns  in  this  country  and  in  America  have  added  certain 
proportions  of  water-gas  or  of  carburetted  water-gas.  This  has  given 
rise  to  many  fatal  accidents,  because  of  the  large  proportion  of  CO2 
which  it  then  contains.    {Vide  vol.  i.,  p.  651.) 

Water-gas  or  producer-gas  is  made  by  passing  air  and  steam  through 
incandescent  coke  or  other  carbonaceous  fuel  at  a  temperature  "of 
about  2000°  F.,  the  oxygen  of  the  air  and  steam,, uniting  with  the  carbon 
of  the  fuel  to  form  a  gaseous  mixture  of  which  carbon  monoxide  is  one 
of  the  chief  ingredients,  amounting  to  about  47  per  cent. 

Carburetted  water-gas  is  made  by  fortifying  water-gas  with  volatile 
hydrocarbons. 

Acetylene  gas,  CgH^,  generated  by  the  action  of  water  upon  calcium 
carbide,  is  now  becoming  adopted  for  small  installations  of  lighting. 
Its  use  is  not  unattended  by  danger  from  risk  of  explosions  due  to  ad- 
mixture with  air  in  proportions  of  from  4  to  25  per  cent.,  but  doubtless 
this  risk  will  be  overcome.  It  gives  a  strong,  clear,  white  light.  The 
products  of  combustion  are  solely  CO  2  and  watery  vapour. 

(6)  Oil-Lamps. — Good  oils  burned  in  suitable  lamps  give  an  exceed- 
ingly good,  mellow  light,  although  they  all  raise  the  temperature  of 
the  room  air  on  combustion,  and  give  off  much  CO  2  and  watery  vapour 
Kerosene  oil,  in  addition,  however,  contributes  traces  of  sulphurous 
acid.  Oil  is  much  used  in  the  country  and  in  small  towns  as  a  matter  of 
necessity,  and  by  many  persons  in  popidous  places,  as  a  matter  of  choice. 

(c)  Electric  Light. — If  the  prime  cost  of  installation  and  cost  of 
generation  of  the  electric  light  could  be  reduced,  it  would  become  the 
prevalent  light  of  private  houses  as  well  as  of  the  public  streets,  for 
undoubtedly  it  presents  enormous  advantages  over  the  other  illumi- 
nants  from  the  point  of  view  of  health.  In  the  first  place,  as  there  is 
no  consumption  of  the  air  of  the  apartment,  so  are  there  no  vitiated 
products  returned  to  it ;  and  in  the  second,  during  its  operation,  but 
trifling  heat  compared  with  other  illuminants  is  generated.  Accord- 
ing to  certain  authorities,  small  quantities  of  nitric  acid  are  produced 
from  the  arc  light.  Of  the  two  systems  of  lighting — viz.  the  incan- 
descent and  the  arc,  the  former  is  more  adapted  for  the  lighting  of 
apartments,  tlie  latter  for  public  halls  and  streets.  The  former  possesses 
a  mellow,  yellowish  light  which  is  more  agreeable  to  the  vision  than  the 
arc  light,  which  is  white  and  dazzling,  and  which,  moreover,  is  rich  in  the 
violet  and  ultra-violet  rays  of  the  solar  spectrum.    There  can  be  little 
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doubt  that  by  the  more  general  use  of  the  incandescent  system  of 
electric  lighting,  the  health  of  persons,  who,  by  employment  or  other- 
wise, are  exposed  for  hours  together  to  artificial  illuminants,  would  be 
better  conserved  than  at  present,  and  more  general  comfort  would  be 
ensured.  Since  the  introduction  of  this  form  of  lighting  into  a  church 
frequented  in  the  evenings  by  crowded  audiences,  the  number  of  fainting 
attacks,  which  when  coal-gas  was  in  use  were  very  common,  has  now 
been  reduced  to  a  minimum ;  moreover,  there  has  been  a  substantial 
reduction  in  the  temperature,  and  in  the  sense  of  oppression  of  the 
atmosphere  from  the  former  time.  In  the  use  of  electric  light,  special 
provisions  must  be  made  for  ventilation,  since  in  the  absence  of  the 
generation  of  heat  by  the  lighting,  the  motive  power  of  the  other  illumi- 
nants is  absent ;  however,  coal-gas  may  be  used  as  a  sunlight-burner 
at  the  mouth  of  an  outlet  ventilator  situated. on  the  roof -ridge,  in  the 
case  of  halls,  churches,  and  the  like,  since,  up  till  now,  the  installation 
of  coal-gas  is  maintained  alongside  that  of  electricity.  However, 
the  advantages  produced  by  electric  lighting  far  outweigh  any  possible 
disadvantage,  and  are  vastly  superior  to  those  of  any  other  illuminant. 

The  following  table  presents  some  of  the  chief  comparative  char- 
acteristics of  the  principal  illuminants. 

Table  XXXI 


Table  illustrative  of  Illuminants 


Cubic 

Cubic 

Heat 
Calories 
produced 

Illuminant 

Amount 

Candle- 

Feet  of 

Feet  of 

Moi.sture 

consumed 

power 

U.sed-np 
Oxygen 

CO  2 

produced 

produced 

Tallow  Candles 

2200  grains 

16 

10-7 

7-3 

8-2 

1400 

Sperm  Candles 

1740  „ 

16 

9-6 

6-5 

6-5 

1137 

Paraffin-Oil  Lamp . 

992  „ 

16 

6-2 

4-5 

3-5 

1030 

Kerosene-Oil  Lamp 

909  „ 

16 

5-9 

41 

3-3 

1030 

Coal-gas  Jet,  No.  5 

1194 

batwing  burner . 

5-5  cub.  ft. 

16 

6-5 

2-8 

7-3 

Coal  -  gas,  Argand 

1240 

burner 

4-8    „  „ 

16 

5-8 

2-6 

6-4 

Coal-gas,  Siemens 

760 

burner 

3-2    „  „ 

32 

3-6 

1-7 

4-2 

Coal-gas  (Welsbach 

incandescent 

light) 

3-5    ,,  ,, 

50 

41 

1-8 

4-7 

763 

Electric  Incan- 

37 

descent 

0-3  lb.  coal 

16 

0-0 

0-0 

0-0 

This  table,  which  we  have  taken  from  Notter  and  Firth's  treatise  on 
Hygiene,  p.  141,  shows  the  following  comparative  facts — viz.  (1)  that  for 
equal  candle-power  light  the  Welsbach  light  uses  by  far  the  least  gas,  uses 
up  less  oxygon,  and  gives  oft  least  CO2,  of  all  the  gas-lights;  (2)  that  oil- 
lamps  use  up  more  oxygen,  and  give  off  more  CO.,,  than  gas-lights,  for  equal 
candle-power ;  (3)  that  electric  light  neither  uses  up  oxygen,  nor  gives  off 
CO2 ;  (4)  that  for  equal  illumination,  coal-gas  as  ordinarily  consumed  gives 
off  mo.st  heat  after  tallow  candles,  oil-lamps  next,  then  the  Siemens  and 
Welsbach  lights,  and  electric  light  least  of  all. 
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WATER  AND  WATER-SUPPLY 

Watee,  like  air  and  food,  is  one  of  the  prime  necessities  of  life,  animal 
and  vegetable.  It  enters  into  the  composition  of  everything  in  nature. 
The  human  body  itself  is  made  up  of  75  per  cent,  of  water,  hence  the 
daUy  individual  need  is  not  inconsiderable.  Water  is  a  potent  factor 
also  in  personal,  domestic,  and  public  hygiene ;  hence  the  need  for 
an  abundant  supply.  The  public  health  largely  depends  upon  a  good 
supply  and  the  free  use  of  water ;  and  a  water  famine  is  disastrous 
to  the  health  of  a  city,  as  it  is  also  to  the  public  economics,  since  so 
many  trade  processes,  not  to  speak  of  steam-raising,  require  dail}''  much 
water.  AVhere,  too,  the  carriage  of  sewage  depends  on  the  water-supply, 
reduced  supplies  mean  imperfect  flushing,  and,  therefore,  impurity  of 
sewage-channels,  and  consequent  risks  to  health.  Chemically  pure 
water  does  not  exist  in  nature,  although  it  is  found  approximately 
pure. 

Sources  of  Sicpply. — The  original  source  of  all  the  water  on  the 
earth's  surface  is  the  ocean.  From  the  surface  of  the  sea  the  heat 
of  the  sun  drives  off  by  evaporation  huge  quantities  of  watery  vapour 
into  the  higher  reaches  of  the  atmosphere,  which  are  there  condensed 
as  clouds,  and  returned  to  the  earth  as  water,  either  in  the  solid 
.or  liquid  form.  Having  fallen  upon  the  surface  of  the  earth,  it  depends 
upon  the  configuration  of  the  land  upon  which  it  falls,  and  upon  its 
geological  structure,  whether  the  rain  mainly  sinks  into  the  earth,  or 
collects  upon  its  surface.  But  in  any  case  there  is  formed  an  under- 
ground or  subsoil  collection  of  water,  and  also  an  overground  or 
surface  collection ;  the  level  of  both  at  any  given  time  depend- 
ing upon  the  antecedent  rainfall.  By  digging  a  shaft  into  the  earth, 
this  underground  supply  may  be  tapped,  but  the  depth  of  the  well 
so  formed  will  depend  upon  the  level  of  the  underground  water.  That 
part  of  the  rainfall  which  does  not  percolate  into  the  soil  forms  lakes  and 
rivers.  Springs  arise  from  the  underground  water,  which,  in  the  course 
of  downward  percolation,  encounters  an  impervious  rock  stratum, 
which,  dipping  out  on  the  surface  of  the  land,  causes  the  water  to 
travel  along  its  npper  level,  and  thus  to  appear  at  the  earth's  surface. 
Water-supplies  are  obtained  from  the  following  sources — viz.  (1) 
rivers;  (2)  lakes  ;  (3)  springs;  (4)  wells,  and  (5)  rainfall  (directly). 
These  demand  separate  consideration. 

Rivers. — In  its  virgin  condition,  a  river  is  but  a  moving  column  of 
rain-water,  containing  in  solution  what  the  water  may  have  dissolved 
in  its  passage  through  the  air,  on  its  way  to  the  river  in  the  various 
rivulets  or  contributaries,  and  in  the  river-bed  itself.  In  such  a  con- 
dition, a  river  is  a  good  source  of  supply.  Hence  rivers  are  tapped  as 
water-supplies  ;  less,  however,  now  than  formerly,  owing  to  increasing 
165 


166 


PUBLIC  HEALTH 


pollution  of  streams.  But  those  which  pass  tlu'ough  moorland,  liigh- 
lying,  uninhabited  tracts  of  country  are  still  available,  and  afford  ex- 
cellent supplies.  London  still  depends  to  a  large  extent  for  its  supply 
upon  the  Thames  and  its  tributaries.  Aberdeen  is  in  a  like  position 
with  respect  to  the  Dee  ;  and  many  other  towns  in  addition.  Most 
rivers,  however,  with  the  exception  of  those  parts  of  their  courses 
above-named,  are  so  polluted  by  sewage  and  trade  refuse  that  they 
must  be  looked  upon  as  suspicious  sources  of  supply,  and  before  the 
best  of  them  even  can  be  used,  efficient  filtration  must  precede  distri- 
bution for  consumption.  There  are  those  who  contend  that  a  river 
will  purify  itself  of  organic  pollution  in  the  course  of  its  flow.  The 
Rivers  Pollution  Commissioners  in  their  sixth  Report  state  quite 
decisively  "  that  there  is  no  river  in  the  United  Kingdom  long  enough 
to  effect  the  destruction  of  sewage  by  .oxidation."  We  shall  return 
to  the  question  of  river-pollution  later. 

Lakes. — These  are  natural  upland  collections  of  water,  and  con- 
stitute the  source  of  our  purest  supplies.    Located  in  high-ljdng, 
sparsely-inhabited  areas,  they  are  little  liable  to  contamination ; 
formed  on  rock  strata  difficoilt  of  solution,  they  contain  but  little 
mineral  matter ;   constituted  only  of  water  from  the  rainfall,  their 
waters  are  soft,  and  therefore  excellent  for  washing  purposes ;  but, 
surrounded  by  large  areas  of  bogland  and  moorland,  they  usually 
contain  vegetable  organic  matter  from  the  decomposing  peat,  etc., 
which,  in  some  cases  at  least,  exercises  a  plumbo-solvent  action  on 
the  service-pipes,  and  also  imparts  some  degree  of  colour  to  the  water. 
Reservoirs  are  but  artificial  lakes,  formed  in  similar  districts  for  similar 
reasons.    They  are  formed  by  building  an  artificial  embankment  at  a 
suitable  point,  which  impounds  the  water  of  one  or  more  small  streams. 
These  are  constructed  of  such  a  size  as  to  contain  a  sufficient  quantity 
of  water  to  supply  the  inhabitants  of  the  district  to  be  suppHed  for  a 
period  of  150  to  180  or  more  days.    In  all  such  cases,  since  the  flow 
of  water  to  down-stream  consumers  is  seriously  interfered  with.  Par- 
liament insists  that  compensation  water,  to  the  extent  usually  of  one- 
third  of  the  total  quantity  impounded,  must  be  allowed  to  pass  by  into 
the  river,  to  ensure  constancy  of  which  supply  compensation-reservoirs 
must  usually  be  formed.    The  institution  of  such  reservoirs  as  a  source 
of  water-supply  involves  very  important  engineering  questions,  not 
only  with  respect  to  compensation  water,  but  also  with  respect  to  the 
size  of  the  reservoir  to  be  constructed,  since  it  includes  consideration 
of  such  important  points  as  the  following — viz.  (a)  suitability  of  site ; 
(6)  sufficiency  of  supply,  depending  upon  the  mean  annual  rainfall 
of  the  district  for  a  series  of  years,  and  the  maximum  and  minimum 
rainfall,  and  upon  dry  weather  and  mean  flow  of  streams  impounded ; 
(c)  amount  in  gallons  to  be  supplied  per  head  of  population  per  day ; 
\d)  number  of  days'  supply  to  be  stored ;  and  several  others.  From 
the  public  health  point  of  view,  the  important  questions  are  :  (1)  suffi- 
ciency of  supplv,  (2)  number  of  gallons  per  head  per  day  to  be  allowed, 
and  (3)  number  of  days'  supply  to  be  stored.    To  estimate  the  numbo^r 
of  days'  supply  which  must  be  stored,  where  the  source  of  supply  is 
the  rainfall,  Hawksley's  formula  is  applied— viz. 
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^  _  1000 

where  x  =the  number  of  days  reqiiired  ; 

y  =tho  mean  rainfall  of  the  three  lowest  consecutive  years. 

Example. — Mean  annual  rainfall  =  50  inches  ;  loss  by  evaporation  =  ^  of 
annual  rainfall. 

1000  1000 

.=  158  days. 
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The  total  quantity  of  water  yielded  by  a  catchment-area  of  known 
size,  or  the  acreage  required  for  a  given  needed  daily  supply,  the 
rainfall  also  being  known,  may  be  computed  by  Pole's  formula— viz. 


x  =  Q2A 


where  x  =the  total  yield  of  water  in  gallons  ; 

A  =the  area  of  gathering-groimd  or  catchment-area  in  acres  ; 
jB  =the  mean  rainfall  of  the  three  lowest  consecutive  years  ; 
E  =the  loss  of  water  by  evaporation,  waste,  and  percolation. 

A  fuller  explanation  of  this  formula  may  be  rendered  thus  : 

x  =62^(411). 
or  a;  =624  (R-E). 

In  a  rainy  district,  150x  or  G  =62.4  (R  -E). 
In  a  dry  district,  200a;  or  Q=Q2A  (R-E). 
JJxampZe.— 20,000  gallons  are  needed  as  a  daily  supply,  the  mean  rainfall  of 
the  three  lowest  consecutive  years  being  50  inches.  Find  the  area  of  gathering- 
ground  required  in  acres. 

A  rainfall  of  50  inches  indicates  a  rainy  district ;  therefore  the  first  part 
of  the  extended  formula  is  taken — viz. 

150x  =62J.  (R  -E).  50  X  t  or  -8  =40  inches. 

.  20^0002^0^^209-6  acres. 
62  X  40 

Supposing,  however,  that  the  mean  rainfall  of  the  three  dry  years,  or  R,  was 
only  20  inches  per  annum,  then  the  second  part  of  the  formula  would  be 
used  : 

200a;  =  62^1  {R  -  E).    20a;  x  -8  =  16  inches. 
.  20,000  X  200 
62x16 

The  amount  of  loss  by  p.ercolation  will  obviously  depend  upon 
the  character  of  the  soil,  and  may  therefore  vary  between  10  and 
20  inches  per  annum ;  but  in  most  localities  of  the  upland  type 
it  is  nearer  the  lower  than  the  higher  figure.  For  every  inch  of  rain 
101  tons,  or  22,617  gallons,  of  water  fall  upon  one  square  acre  of  land. 

Many  important  cities  derive  their  water-supplies  either  from 
natural  or  artificial  upland  lakes  ;  of  these  Glasgow,  Edinburgh,  Man- 
chester, Liverpool,  Dublin  and  others  may  be  cited.  The  source  is 
often  at  great  distance  from  the  point  of  distribution ;  in  the  case  of 
Glasgow  it  is  about  30  miles,  of  Manchester  90  miles,  and  of  Liverpool 
08  miles. 

From  the  reservoirs,  the  water  passes  by  outlet-pipes  into  the 
aqueducts,  cither  direct  to  the  place  of  distribution,  or  to  secondary 
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reservoirs  within  a  few  miles  of  that  point,  in  which  latter  case  it  is 
passed  from  the  secondary  reservoirs  by  distributing  mains  through 
the  streets  of  the  area  of  distribution,  from  whicli  houses  are  supplied 
by  service-pipes. 

Springs.— These  usually  supply  but  limited  amounts  of  water,  suffi- 
cient m  quantity,  however,  in  many  cases  to  be  a  source  of  storage  and 
supply  for  limited  collections  of  houses. 

TFe^^s.— These  constitute  the  chief  source  of  water-supply  of  isolated 
houses,  of  rural  districts,  including  farms,  and  even  of  some  small  towns. 
The  purity  of  the  water  of  farm  wells  is  of  prime  importance  w  itli 
relation  to  the  milk-supply  and  the  spread  of  enteric  fever.  Wells  may 
be  divided  into  three  kinds— viz.  (a)  Shallow  or  Surface ;  (b)  Deep ; 
(c)  Artesian ;  and  these  designations  do  not  depend  so  much  upon 
their  actual  depth  as  upon  their  relation  to  the  earth  strata  through 
which  they  are  driven.  A  shallow  or  surface  well  is  one  which,  sunk 
into  pervious  soil,  taps  the  underground  water  which  has  percolated 
from  the  surface  of  the  ground  within  the  immediate  vicinity  of  the 


Fig.  44. — Represents  a  vertical  section  of  Geological  Strata  of  a  water- 
bearing Basin,  a  =  layer  of  loose  sand  and  gravel;  i  =  bed  of  clay; 
c=stratum  of  slate;  (Z  =  limestone  stratum;  c  =  a  stratum  of  granite. 
The  upright  shafts  are  spouting  bore-tubes  or  Artesian  wells. 

well-shaft.  A  deep  well  is  one  which,  sunk  through  the  pervious  surface- 
layer  of  soil  and  an  underlying  impervious  stratum  of  rock,  taps  the 
underground  water  which  has  percolated  from  the  land-surface  at 
some  distance  from  the  well-shaft.  An  Artesian  well  (so  called  from 
the  province  of  Artois  in  France,  where  they  were  first  discovered)  is 
one  in  which  the  shaft  is  sunk  through  (1)  a  pervious  layer,  (2)  an  im- 
pervious layer,  and  which  taps  a  collection  of  water  Ipng  on  the  top 
of  (3),  another  impervious  layer  or  rock,  the  two  latter  of  which  "  out- 
crop "  on  the  land-surface  at  a  higher  point  than  the  top  of  the  shaft, 
and,  it  may  be,  at  a  distance  of  many  miles  from  the  shaft  or  bore. 
The  conditions  in  which  an  Artesian  well  is  possible,  or  likely,  are 
these  :  (a)  that  a  water-carrying  layer,  depressed  in  the  centre  and 
reaching  the  ground  surface  at  the  extremities  of  the  dip,  should  be 
situated  between  two  impervious  strata ;  (b)  that  this  porous  water- 
bearing layer  is  not  interrupted  by  any  impermeable  wedge ;  (c)  that 
there  is  no  source  of  escape  of  the  contained  water  in  the  impermeable 
layers  ;  {d)  that  the  level  of  the  ground  at  which  the  boring  is  made  is 
not  higher  than  the  extremities  of  the  water-bearing  layer.  It  will  thus 
be  seen  that  the  geological  conditions  necessary  are  those  of  cup-shaped 
formation. 
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The  same  geological  conditions  obtain  in  tlie  case  of  spouting  oil- 
wells,  if  an  oil-bearing  stratum  be  substituted  for  tbe  water-bearing 
stratum.  The  water  which  is  tapped  in  Artesian  wells  falls  upon 
the  area  of  land  covered  by  the  water-bearing  porous  layer,  and  sink- 
ing into  this  basin-like  formation,  lies  there  under  considerable  pressure. 
When  the  bore-tube,  in  the  process  of  sinking,  reaches  the  water- 
bearing layer,  the  pressure  on  the  masses  of  water  lying  between  the 
impervious  layers  forces  the  water  up  the  tube,  and  occasionally  into 
the  air  above  the  level  of  the  head  of  the  bore-tube.  Such  wells  are 
commonly  of  great  depth ;  that  of  Grenelle,  in  Paris,  is  1800  feet ;  of 
Passy,  1900  feet ;  and  of  Rochefort,  2765  feet.  The  discovery  of  such 
sources  of  supply  in  the  comparatively  waterless  districts  of  Australia, 
where  immense  herds  of  cattle  and  sheep  are  grazed,  has  proved  of 
inestimable  value,  since,  under  former  conditions  during  periods  of 
prolonged  drought,  millions  of  these  animals  perished  for  lack  of  water. 
Of  454  bores  which  have  been  made,  317  overflow,  and  the  total  daily 
outflow  of  water  amounts  to  over  193  milHons  of  gallons  daily.  Some 
of  these  bores  are  as  deep  as  4000  feet ;  more  common  depths,  however, 
are  1600,  1700  and  1800  feet  respectively.  Owing  to  the  depth  of 
Artesian  wells,  their  water  is  high  in  temperature ;  that  of  Grenelle  is 
82°  F.,  that  of  Rochefort,  106°  F.,  and  in  some  of  the  Australian  wells 
it  is  as  high  as  180°  F.  They  provide  large  quantities  of  water ;  that 
of  Grenelle,  for  example,  gives  500,000  gallons  daily,  and  this  Avell  obtains 
its  supply  from  an  area  100  miles  from  Paris  ;  in  the  Australian  bores, 
the  daily  output  varies  in  different  wells,  in  some  700,000,  in  others 
1,500,000  and  3,000,000  gallons  daily. 

The  Artesian  water-supply  of  Australia  is  interesting  from  a  geo- 
graphical and  geological  point  of  view.    It  appears  that  on  this  con- 
tinent a  central  sea  existed  in  mesozoic  times  which  became  filled  by 
sediments  in  cretaceous  times.    These  strata  became  uplifted  in  the 
Tei-tiary  period  and  ultimately  formed  with  palseozoic  rocks  a  united 
continent.    Further  depression  caused  submergence  of  the  coastal 
and  central  land,  which  depressions,  still  later,  were  followed  by  a 
re-elevation.    The  one  great  river-system  of  the  continent,  the  Darling- 
Murray,  which  never  runs  dry,  is  limited  to  one  section  only  of  the 
country.    The  other  rivers  are  of  comparatively  short  course,  and 
empty  into  the  ocean  at  different  parts  of  the  coast.    Interior  rivers 
and  creeks  quickly  run  dry  during  droughts,  their  water  disappearing 
by  evaporation  and  rapid  percolation  into  the  soil.    The  rocks  which 
hold  the  Artesian  water  form  a  part  of  the  cretaceous  formation,  and  are 
composed  for  the  most  part  of  open,  porous  sandstone  quickly  absorbing 
and  freely  giving  up  water.    In  Queensland  they  have  been  proved 
to  700  feet  of  vertical  depth,  biit  are  believed  to  be  of  even  greater  depth. 
They  lie  at  depths  below  the  surface  varying  from  outcrop  level  to  oyer 
5000  feet,  and  are  freely  developed  in  Southern  and  Western  Australia, 
Queensland,  and  New  South  Wales  ;  and  in  Queensland  lie  under  nearly 
two-thirds  of  the  total  area  of  that  State,  or  over  445,332  square  miles. 
According  to  Dr  Jack's  special  surveys,  the  rock  outcrop  or  water-intake 
areas  have  a  combined  length  of  over  1000  miles  with  a  ininimum 
width  of  5  miles.    In  the  northern  pai-t  of  the  State  there  is  a  con- 
tinuous outcrop  of  280  miles  in  length  and  a  minimum  width  of  90  miles. 
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These  outcrops  are  situated  in  declivities  of  rising  ground  above  the 
plains  of  the  interior ;  so  that  the  geological  conditions  of  Artesian 
water  are  fulfilled.  The  mean  annual  rainfall  over  the  intake  areas  is 
about  26  inches.  The  Artesian  rocks,  with  the  whole  cretaceous  forma- 
tion, after  great  geological  upheavals  and  depressions,  have  assumed  an 
undulating  curvilinear  form  from  their  outcrop  on  the  land  to  their 
termination  in  the  bed  of  the  ocean.  This  has  been  proved  by  borings 
to  Artesian  Avater  along  a  line  of  country  of  over  1000  miles  in  length, 
in  which,  the  country  being  fairly  level,  the  depth  to  the  water  varies 
from  200  to  over  5000  feet.  Pittman,  the  Government  geologist  of  New 
South  Wales,  is  of  opinion  that  the  Triassic  or  Jurassic  strata  may  lie 
under  the  cretaceous  formation,  and  the  porous  character  of  the  forma- 
tion may  form  the  chief  storage-beds  of  the  Artesian  water  in  the  States 
of  Nebraska,  Texas,  and  Kansas  in  the  United  States  of  America. 
According  to  the  last  Government  report  of  the  Water-Supply  Depart- 
ment of  Queensland,  the  total  number  of  Artesian  bores  in  that  State, 
including  sub-Artesian  or  non-flowing  wells,  is  891,  of  which  6  per  cent, 
only  were  made  by  the  State,  the  average  depth  of  bore  being  1197  feet. 
The  total  continuous  yield  from  532  bores,  known  or  calculated,  is 
351  millions  of  gallons  per  day.  Sixty  of  these  bores  deliver  over  1 J 
million  gallons  each  daily,  and  of  these  one  delivers  ih  million 
gallons  daily,  and  another  6  million  gallons  daily.^  Artesian  water  is 
being  used  for  irrigation  purposes. 

The  water  from  Artesian  wells,  although  pure  from  the  bacterio- 
logical point  of  view,  not  unusually  contains  relatively  large  amounts 
of  total  solids.  In  some  of  the  Queensland  wells,  for  example,  the 
water  has  been  found  so  brackish  that  animals  will  not  drink  it.  This 
fact  helps  to  prove  the  view  that  some  of  the  Artesian  water,  at  least, 
is  derived  from  the  ocean. 

This  is  a  risk  to  which  water  obtained  from  wells  and  headings  near 
the  sea  are  liable.  Willoughby  gives  an  account  of  an  instance  in  which, 
owing  to  the  infiltration  of  certain  salts  into  the  water-supply  of  a 
borough  in  England  near  the  sea  which  was  obtained  from  a  well,  the 
source  of  supply  had  to  be  abandoned.  This  well  was  over  half-a-mile 
from  the  sea  and  was  sunk  originally  in  the  upper  greensand,  various 
additions  in  the  form  of  headings  and  borings  having  been  made  from 
time  to  time.  These  headings  were  below  the  tide  level  at  high  water. 
The  supply  from  this  source  was  sufficient  to  yield  a  20-30  gallon  per 
head  supply  to  about  40,000  of  population  of  theborough.  The  water  gave 
a  chlorine  figure  of  3  to  5  grains  per  gallon,  and  of  18  degrees  of  hardness. 
In  1892,  it  began  to  be  noticed  that  the  water  had  become  perceptibly 
harder,  and  by  1895  the  hardness  was  so  much  marked  that  constant 
complaints  were  made.  Examination  of  the  water  showed  a  very 
marked  increase  in  amount  of  inorganic  solids,  and  also  of  chlorine. 
For  example,  in  June  1891  the  hardness  was  23°  and  the  chlorine  5-4 
grains  per  gallon,  in  October  1895,  the  hardness  had  become  124°, 
and  the  chlorine  112  grains  per  gallon,  and  in  September  1896,  the 
chlorine  reached  its  maximum — ^viz.  148  grains  per  gallon,  the  hard- 
ness having  fallen  to  83-5°,  the  total  solids  being  262  parts  per  100,000. 

1  Jack,  "  Geological  Survey,"  Queensland,  Bulletin  No.  1,  1895;  Oeocjraph. 
Jonr.,  1902,  vol.  xix.,  No.  5,  p.  500. 
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In  driving  wells,  natural  gas  is  sometimes  met  with.  It  was  dis- 
covered, for  example,  in  1836  during  tlie  sinking  of  a  well  at  Hawk- 
hurst  West  Sussex,  again  at  Netherfield  on  the  South  Eastern  Railway 
in  1873-1875  in  the  sub-Wealden  boring,  and  agam  m  sinkmg  a 
Avell  at  Heathfield,  Sussex,  1895,  and  again  at  a  depth  of  300  teet  m  a 
shaft  sunk  for  water  at  the  railway-station  there.  The  gas  was  used 
for  li^rhting  the  railway-station.  In  that  neighbourhood,  m  each  ot 
six  wells  sunk  since  1895,  gas  had  been  found,  and  it  was  being  employed 
■  to  drive  gas-engines,  etc.,  and  for  lighting  purposes.  The  gas  was  found, 
to  have  the  follo\nng  chemical  composition— viz. 

Carbon  monoxide  ?r 

Methane  ''^ij^ 

Ethane  .        .        •        •        •        •        •        '      o  an 

Nitrogenor  other  inert  gas  (by  difference)      .        •  • 

100-00 


At  Medicine  Hat,  Canada,  sufRcient  natural  gas  is  obtained  from 
borings  to  an  amount  more  than  sufficient  to  Hght  the  place. 

Many  towns  in  England  derive  some  of  or  even  their  chief  supplies 
from  Artesian  wells.  Among  these  may  be  named  Canterbury,  Cam- 
bridc^e,  Bury  St.  Edmunds,  Deal,  Coventry,  Leamington,  Southport, 
Bedford,  Scarborough,  Hatfield;  and  at  Uxbridge,  Berkhampstead, 
Chesham,  and  other  places,  they  have  been  sunk  for  supplies  for  water- 
cress grow-ing,  while  in  places  where  a  suitable  hard  water  for  brew- 
ing pm-poses  is  not  obtainable,  bores  have  been  sunk  by  brewers  to 
obtain  such  supplies. 

From  Rainfall  directly. ^In  rural  districts,  where  other  sources  ot 
supply  are  either  not  available  or  are  too  costly  to  utihse,  the  rainfall 
may  be  stored,  under  certain  conditions,  for  potable  purposes.  In 
hard- water  districts  it  is  stored  for  washing  purposes.    Besides,  there 
are  certain  places,  as  Aden,  in  which  the  sole  source  of  supply  is  the 
rainfall,  which  is  collected  in  reservoirs  in  the  rocky  reaches  above  the 
town    But  the  rainfall  cannot  be  used  in  populous  and  manufacturing 
centres  because  of  the  impurity  of  the  air.    The  gathering-ground  of 
the  rainfall  for  an  individual  house  is  the  roof.    But  since  that  surface 
is  apt  to  be  polluted  in  various  ways,  by  bird-droppmgs  and  dust  for 
example,  aU  the  rain  which  falls  cannot  be  used.    It  is  advisable  that 
the  first  part  of  a  rainfall  should  be  rejected.    To  meet  these  condi- 
tions, an  ingenious  arrangement  called  Roberts'  Separator  has  been 
devised.    It  is  constructed  in  sizes  which  bear  a  certain  ratio  to  the 
superficies  of  the  roof-area,  and  is  so  arranged  that  when  a  sufficient 
amount  of  rain  has  fallen  to  cleanse  the  roof,  the  water  first  collected 
is  tilted  into  a  waste  channel,  and  the  after-fall  is  directed  into  the 
collecting  channel  and  reservoir.    It  is  always  better  that  the  rain- 
water, even  when  so  collected,  should  be  subjected  to  filtration,  which 
is  easily  accomplished  by  underground  filters. 

The  same  inventor  has  devised  a  roof-washings  tank,  whereby  pure 
water  may  be  obtained  from  the  roofs  of  cottages  and  houses  too  small 
for  the  use  of  the  separator.  This  tank  is  intended  to  catch  the  dii-ty 
water  which  first  comes  from  the  roof  during  a  spell  of  ram,  and  to 
direct  the  clean  water  that  falls  later  into  a  storage  tank,  thus  preventing 
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.any  mixture  of  the  unclean  and  clean  water.  Tlic  unclean  washings 
trom  a  roof  vary  from  one  to  three  gallons  for  every  100  square  feet  of 
root-surface,  dependmg  upon  the  situation  of  the  house  relative  to 
sources  of  aerial  impurities.  For  rain-collecting  purposes  the  onlv 
measurements  required  ^re  the  length  and  breadth  of  the  ground 
covered  by  the  roof,  and  the  roof-eaves  or  gutters  ;  thus  the  superficies 
m  square  feet  is  obtained.  A  slated  or  zinc  roof  of  300  square  feet 
will  be  washed  by  a  fall  of  3-4  gallons,  a  tiled  roof  by  5  to  7  gallons 
and  a  thatched  roof  by  about  10-12  gallons.  The  inventor  gives 
smaller  amounts  for  slated  and  tiled  roofs— viz.  3,  and  4^-6  gallons 
respectively.  The  tank  size  is  calculated  on  the  basis  that  a  roof  of 
300  square  feet  will  be  washed  by  a  3-gallon  fall,  and  a  tiled  roof  by 
a  4i-6-gallon  fall,  and  the  size  of  tank  to  be  installed  will,  of  course, 
depend  on  the  superficies  of  any  particular  roof.  For  superficies  of  from 
300  to  600  square  feet  of  a  slated  or  zinc-covered  roof,  and  of  150  to  300 
of  a  tile-covered  or  slate-covered  roof  in  a  town,  a  tank  measuring  20  in. 
long,  7  in.  broad,  and  16  in.  high  will  suffice,  and  for  double  these  super- 
ficies, under  corresponding  circumstances,  a  tank  measuring  24  in.  x 
7  in.  x21  in.  A  double  cellar  arrangement  connected  with  the  tank 
permits  a  maximum  of  6  gallons  to  be  collected  in  the  tank  before 
the  rainfall  is  permitted  to  pass  to  the  clean-water  tank.  The  roof- 
washings  tank  must,  of  course,  be  periodically  emptied,  as  required, 
by  lifting  the  handle  of  the  valve.  These  devices  are  likely  to  prove  of 
considerable  service  in  the  case  of  isolated  houses  where  any  other 
source  of  supply  is  at  a  considerable  distance,  or  is  likely  to  be  of  a 
polluted  character. 

The  quantity  of  water  which  may  be  collected  annually  from  the 
roof  of  a  house  may  be  calculated  by  knowing  the  following  data— viz. 
(a)  the  superficies  of  the  horizontal  area  of  the  roof ;  (b)  the  average 
annual  rainfall ;  (c)  the  average  amount  of  evaporation.  From  the 
total  calculated  amount  must  be  deducted  from  one-quarter  to  one- 
third  for  waste,  evaporation,  etc. 

Example. — Wliat  amount  of  water  might  be  collected  amiually  from  the  roof 
of  a  house  whose  horizontal  area  measures  250  square  feet,  the  annual  rainfall 
being  27  inches  ? 

250  feet  x  2  J  feet  -  J  for  waste 
=562-5  cubic  feet  — 140-5  cubic  feet 
=422  cubic  feet  x  6-23 
=2629  gallons. 

The  phenomenon  of  discoloured  rain  is  not  common  although 
not  unknown  in  this  country.  On  23rd  Feb.  1903  the  rain  which  fell 
in  all  counties  south  of  the  Thames,  in  Suffolk,  and  other  parts  of  Eng- 
land, as  well  as  in  Westphalia,  Germany,  was  found  to  be  turbid  and 
discoloured.  When  collected  as  it  fell,  it  was  found  on  analysis  to 
yield  25-1  parts  of  total  dissolved  solids,  23-6  parts  suspended  solids, 
2  parts  of  chlorine,  0-95  parts  free  and  0-15  albuminoid  ammonia  per 
100,000.  It  was  believed  to  be  due  to  volcanic  eruptions  in  the  West 
Indies.^ 

Qualities  of  Water  from  Different  Sources. — The  Rivers  Pollution 
*  Proc.  Chemical  Soc,  vol.  xix.,  No.  264. 
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Commissioners  (Sixth  Report)  classified  waters  as  to  palatability  and 
wholesomeness  in  the  following  way  : — 

f  Spring  water     ^  palatable. 
Wholesome  -I  Deep-well  waterj 

lUpland  surface-waterj^^^^^.^^^^  palatable. 
.  .       f  Stored  rain-water  J 
Suspicious  l^y^ter  from  cultivated  land^ 
^  fRiver  water  Vpalatable. 

Dangerous  jghallow-weU  water  .) 

It  is  important  to  note  that  suspicious  or  even  dangerous  waters 
may  be  perfectly  palatable,  and  may  even  present  a  bright,  sparkling 
appearance,  pai-tly  due  to  gases  produced  from  the  decomposition  of 
contained  organic  matter  and  partly  to  the  contaminated  soil. 

Water  collected  upon  the  surface  of  the  oldest  rocks,  the  meta- 
morphic,  granitic  or  quar-tzose,  trap-rock,  grey-slate,  or  greensand,  is 
good,  wholesome,  palatable,  and  invaluable  for  potable  purposes. 
Such  waters  contain  but  small  quantities  of  dissolved  mineral  matter, 
and  are  therefore  soft ;  having  fallen  through  a  pure  atmosphere, 
they  are  well  aerated  ;  but  they  are  usually  tinged  in  colour  with  peaty 
products  and  vegetable  organic  matter.  From  the  chemical  point 
of  view  they  contain  little  total  solids,  are  free  from  suspended  matter, 
contain  little  chlorine,  little  or  no  free  ammonia,  more  than  usual 
albuminoid  ammonia,  but  no  nitrates  or  nitrites,  the  oxygen  consumed 
is  small,  and  they  possess  but  a  few  degrees  of  hardness. 

Water  from  chalky  limestone,  magnesian,  or  ferruginous  strata, 
though  it  is  likely  to  be  wholesome,  palatable,  and  potable,  possesses 
the  disadvantage  economically  that  it  is  hard,  because  of  the  carbon- 
ates of  lime,  magnesia,  or  ii'on  which  are  dissolved  in  it.  In  water 
from  the  former  two  classes  of  strata,  sulphates  of  lime  and  magnesia 
are  likely  to  be  present  in  addition  to  the  carbonates,  and  may  even 
form  the  chief  cause  of  the  hardness.  Waters  which  contain  the 
carbonate  of  iron  are  called  chalybeate  waters.  With  the  exception 
of  the  mineral  salts  which  they  contain,  such  waters  are  usually  pure, 
contain  but  little  chlorine,  free  ammonia  and  albuminoid  ammonia, 
and  consume  but  little  oxygen.  It  ought  to  be  understood,  however, 
that  certain  hard  waters  derived  from  rocks  on  the  sea-board  may 
contain  what  might  at  first  sight  appear  to  be  excess  of  chlorine,  and 
certain  others  from  Artesian  wells  not  only  contain  excess  of  chlorine 
and  mineral  solids,  but  also  nitrates,  due  to  the  bore  having  reached 
strata  of  an  old  sea-bed,  the  waters  otherwise  being  organically  pure. 
Waters  from  the  Wealden  clay,  London  clay,  and  greensand  share  the 
same  tendency  to  hardness,  and  the  like  characters  as  to  purity.  Waters 
which  come  from  the  coal-measures  are  apt  to  contain  sulphur,  either 
as  sulphates  or  as  HgS,  as  well  as  iron.  Water  from  gravel-beds  is 
likely  to  be  pure  or  impure  according  to  proximity  to  filth-deposits. 

The  following  table  gives  the  views  of  the  Rivers  Pollution  Com- 
missioners on  the  relation  of  source  of  supply  to  hardness ;  the  first- 
named  being  the  softest,  and  the  last-named  the  hardest : 
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Table  XXXII 

Table  shoiving  Relation  of  Hardness  of  Water  to  Source  of  Supply 


a  Bain- water  (softest). 
h  Upland  surface-water, 
c  Water  from  cultivated  land. 
d  River  water. 


e  Spring  water. 
/  Deep-well  water. 
g  Shallow-well  water. 


The  only  objection  which  may  be  ofiered  to  this  table  is  that,  in 
Scotland  at  least,  shallow  wells,  except  on  the  sea-board  and  in  limited 
inland  areas,  usually  contain  soft  water. 

Source  of  Supply  in  Relation  to  possible  Pollution. — The  Table  of 
the  Commissioners  already  given  indicates  most  accurately  the  relation 
of  likely  pollution  to  source  of  supply.  About  the  time  the  Com- 
missioners completed  their  inquiries,  the  bulk  of  the  population  obtained 
their  water  from  contaminated  sources  ;  since,  then,  however,  supplies 
have  been  iraproved.  The  only  likely  source  of  pollution  of  upland 
surface-supplies  is  from  cultivated  land,  but  this  is  practically  never  found 
in  the  supplies  from  the  higher  uplands.  Part  of  the  existing  water- 
supply  of  Glasgow,  for  example,  is  obtained  from  the  hilly  ground 
to  the  south  of  the  city.  It  was  the  main  source  of  supply  before 
the  institution  of  the  Loch  Katrine  scheme.  The  gathering-ground 
of  this  supply  contains  not  a  little  cidtivated  land ;  and  it  may  be 
taken  as  a  type  of  the  catchment-area  of  middle  upland  supplies. 
All  supplies  from  such  sources  contain  organic  matter  in  questionable 
quantities,  and  therefore  ought  to  be,  as  they  mostly  are,  filtered. 
The  water  of  rivers,  except  near  their  source,  perhaps,  is  polluted  more 
or  less  by  animal  organic  matter,  and,  in  may  cases,  cannot  be  safely 
used  without  constant  and  adequate  filtration.  Shallow-well  suppUcs 
should  a  priori  be  considered  as  contaminated  when  in  the  vicinity  of 
inhabited  houses,  untU  proved  to  be  otherwise. 

Hardness  and  Softness. — These  are  terms  which  are  employed  to 
express  the  difficulty  or  ease  with  which  water  unites  -with  soap  to 
form  a  lather ;  in  other  words,  the  soap-destroying  power  of  a  water. 
Economically,  this  is  of  importance  in  a  manufacturing  community  and't, 
\\  ^JO/   for  domestic  uses.    Every  degree  of  hardness  in  a  water  destroys  1^ 
p    J^lbs-  of  soap  per  1000  gallons ;  hence  a  water  of  10°  and  20°  of  hard'K 
t^Qv  \ness  will  require  15  lbs.  and  30  lbs.  of  soap  respectively  per  1000  gallons.  | 
V        Owing  to  the  installation  of  the  Loch  Katrine  supply  into  Glasgow,' 
the  annual  monetary  saving  in  soap  alone  by  the  use  of  this  soft  water 
has  not  been  less  than  £36,000,  not  to  speak  of  the  lessened  expenditure , 
of  coal  for  steam^raigmg'pfuTpCiSes  by  the  absence  of  "  fur  "  in  boilers. '|; 
The  hardness  of  the  London  supplies  compels  an  annual  expenditure 
in  5oap  alone  of  about  £250,000.    Waters  differ  much  as  to  hardness 
or  softness  :  that  of  Glasgow,  for  example,  having  only  about  1°  to 
1J°,  those  of  London  from  12°  to  21°,  and  that  of  Sunderland  30°. 
The  table  already  given  indicates,  generally,  the  relation  of  source 
to  hardness  or  softness.    Hardness  is  due  to  the  presence  of  salts  of, 
lime  and  magnesia,  aluniina  and  iron,  of  chlorides,  carbonates,  and 
sSpliate^o^f  fheliwo  first,  and  of  tHe  carbonate  of  ii'on.    The  carbonatcs 
are  formed  from  solution  of  limestone,  magnesian  limestone,  and 
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ferruginous  strata  by  the  COg  dissolved  by  the  ram  as  it  percolates 
into  the  earth's  crust.  The  rationale  of  soap-destruction  is  as  follows  :— 
Hard  soap  is  a  compound  of  various  fatty  acids  with  soda  ;  it  is,  there- 
fore, .chiefly  composed  of  the  stearate,  oleate,  and  palmitate  of  soda. 
On  being  melted  in  a  water  containing  lime  and  magnesian  salts  in 
solution.°they  decompose  the  soap  and  unite  with  the  oleic,  stearic, 
and  palmitic  acids  to  form  these  salts  of  lime,  which,  however,  being 
insoluble  in  water,  float  like  curdy  flakes  on  its  surface.  So  long  as 
lime  or  magnesia  is  present  ununited  with  these  fatty  acids,  no  lather 
will  form;°but  when  excess  of  soap  is  added,  lathering  takes  place. 
Hardness  is  distinguished  as  existing  in  waters  in  one  or  other  or  both 
of  the  following  forms— viz.  removable  or  temporary,  and  irremovable  or 
permanent.  Removable  or  temporary  hardness  is  so  designated  because 
it  may  be  removed  by  boiling,  and  the  other  form  as  irremovable  or 
permanent,  because  it  cannot  be  so  removed.  As  has  been  said,  the 
carbonates  of  lime  and  magnesia  exist  in  solution  by  excess  of  COg 

 indeed,  they  may  be  presumed  to  be  in  the  form  of  bicarbonates 

 and  when  the  water  is  boiled  and  the  excess  of  COg  is  thus  dnverT 

off,  the  calcium  and  other  carbonates  are  thrown  out  of  solution,  and  be- 
come visible  as  a  milky  sediment,  according  to  the  following  equation  :— 

Cf|OCO  aCO  2  =pO  2  +  CaCO  3. 

This  calcium  carbonate^'  along  with  any  magnesium  carbonate 
present,  is,  therefore,  liable  to  become  deposited  on  the  interior  sur- 
face of  boiling  vessels,  as  hot-water  boilers,  kettles,  hot-water  pipes, 
etc.,  as  a  "  fur  "  or  "  scale."  This  deposit,  in  turn,  compels  the  in- 
creased use  of  fuel  to  generate  steam,  or  the  institution  of  measures 
to  prevent  furring,  it  corrodes  the  boiler-plates,  and  gives  rise  to  boiler- 
explosions  from  the  consequent  thinning  of  the  plates.  Any  hardness 
which  remains  after  boiling  is  called  permanent  hardness.  The  sum 
of  both  temporary  and  permanent  hardness  constitutes  total  hardness. 
It  is  not  impossible,  however,  even  to  reduce  the  so-called  permanent 
hardness  by  chemical  means.  By  addition  of  carbonate  of  soda, 
double  decomposition  takes  place  with  the  formation  of  sodium 
sulphate  and  carbonate  of  lime,  the  latter  being  precipitated  in 
tEe-boiling.  This  process  is  used  in  the  Desrumaux  system  of  water- 
softening. 

Effects  of  Impure  Water  on  Health. — Impurities  in  water  which  are 
apt  to  affect  health  are  divisible  into  two  classes— viz.  (A)  those  which 
have  their  source  in  filth  or  sewage  contamination ;  (B)  those  of  the 
nature  of  mineral  or  other  constituents.  The  second  class  is,  probably, 
of  lesser  vital  importance  than  the  first. 

(A)  From  the  impurities  falling  under  the  first  head  may  arise  cholera, 
enteric  fever,  diarrhceal  diseases,  and  dysentery.  The  sewage-polluted 
and  unfiltcrcd  water  of  the  Elbe,  in  1892-1893,  caused  a  very  widespread 
and  fatal  epidemic  of  cholera  in  Hamburg  and  Altona.  Hamburg, 
with  a  population  of  640,-100,  had  16,907  cases,  or  264-8  per  10,000, 
with  8606  deaths,  while  the  coterminous  town  of  Altona,  with  148,600 
of  population,  using  the  same  water-supply  but  filtered  through  sand, 
had  only  510  cases,  or  34-6  per  10,000,  with  316  deaths.  The  origin 
of  outbreaks  of  enteric  fever  in  polluted  water-supplies  has  been  proved 
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in  all  civilised  countries.  Tlie  following  table  ^  indicates  some  of  the 
principal  epidemics  of  this  and  other  countries  from  water-supplies. 

Table  XXXIII 
Table  of  Epidemics  from  Polluted  Water 


Year 

Place 

Disease 

Popula- 
t>ioii 

Cases 

Deaths 

1867 

Guildford 

Enteric  Fever 

250 

,  . 

1867 

Terling,  Essex 

900 

260 

1872 

Lausen  (Switzerland) 

}  9 

780 

130 

1874 

Over-Darwen  . 

it 

22,000 

2,035 

104 

1878 

Caterham 

J  J 

,  , 

179 

1882 

Bangor,  JSTortli  Wales 

>» 

10,000 

540 

1882 

AA/ 1  'f.'t'.fim  Wot  nr  Ts  ti  7*1* n  f*1^"Ci 
VV  1  u uUlJ-lUUl  ti   XJcliL  1  dUlvo  . 

9  9 

386 

66 

1885 

Plynaouth,  Pennsylvania  .. 

tJ 

9,000 

1,000 

1887 

Mountain  Ash,  Wales 

?  J 

over  500 

1889 

New  Herrington,  Durham 
Tees  Valley 

)  J 

3,600 

278 

1890-91 

if 

1,463 

1892-93 

Hamburg 

Cholera 

640,400 

16,957 

8,606 

1893 

Worthing 

Enteric  Fever 

15,000 

1,261 

1893 

Paisley  .... 

)) 

over  800 

1896 

Dunbar  .... 

>> 

1897 

Maidstone,  Kent 

»j 

1,786 

1897-98 

Philadelphia 

J5 

1,927 

34 

1898 

Paisley  .... 

?> 

279 

1905 

Lincoln  .... 

99 

51,000 

996 

Note.- 


-(...)  signifies  that  the  number  is  not  noted. 

The  pollution  may  arise  in  the  gathering-ground  or  reser^^oir,  as 
in  thie  Maidstone,  Plymouth  (Pa.),  Dunbar,  and  Paisley  epidemics; 
from  wells,  as  at  Guildford  in !  1867,  New  Herrington  (Durham),  m 
1889,  and  at  Morningside  (Edinburgh),  in  1894.    In  the  New  Her- 
rington case,  it  was  shown  that  the  pollution  of  the  deep  well  had  its 
origin  in  the  sewage  of  a  farm  three-quarters  of  a  mile  away,  and  in 
that  of  Edinburgh,  from  sewage  in  a  quarry  800  feet  distant  from  the 
well.    In  the  Wittemberg  Barracks  epidemic  of  1882,  the  cause  was 
leakage  of  enteric  sewage  through  the  cracked  cemented  walls  of  the 
well,  and  in  that  of  Caterham,  in  1867,  to  a  workman  employed  at  the 
water-works  who  was  sufiering  from  enteric  fever  of  a  slight  degree, 
defsecating  in  a  shaft  leading  to  the  water  conduit.    The  epidemic  of 
Lausen,  Switzerland,  in  1872,  was  due  to  contamination  of  a  spring 
by  the  sewage  of  a  farmhouse,  some  distance  away,  finding  its  way 
by  a  subterranean  channel.    Eiver-supplies  are  also  constantly  hable 
to  pollution,  and  give  rise  to  enteric  fever  epidemics.    Those  of  Bangor 
(N.  Wales),  in  1882,  of  the  Tees  Valley  in  1890-1891,  of  Philadelphia  in 
1897-1898,  and  others,  are  cases  in  point.    Not  only  may  pollution 
occur  at  the  source,  but  it  may  arise,  also,  in  the  distributory  channels. 
The  epidemics  of  Over-Darwen  in  1874,  of  Mountain  Ash  (Glamorgan), 
in  1887,  and  of  Paisley  in  1898,  may  be  cited  as  examples. 

1  Paper  by  the  Author,  "  Tho  Supervisory  Control  of  Water-Supplies" 
{Sanitary  Journal,  1900). 
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The  largest  epidemics  within  recent  years  of  water-borne  enteric 
fever  in  England  were,  perhaps,  those  of  Worthing  in  1893,  Maidstone 
in  1897,  and  Lincoln  in  1905.    A  few  comparative  facts  from  each 
of  these  will  prove  instructive.    The  population  of  Worthing  at  the 
year  of  outbreak  was  a  little  over  15,000  persons.    While  the  outbreak 
mav  in  one  sense  be  said  to  have  existed  from  May  till  December,  it 
consisted  in  reality  of  two  distinct  outbursts— viz.  the  first  lasting 
from  3rd  May  till  1st  July,  and  the  second,  from  July  till  December.  In 
the  first  outbreak  the  total  cases  numbered  303,  and  in  the  second, 
958 ;  being  in  all  1261  cases  within  the  year  1893.    In  the  latter  out- 
burst, the  number  attacked  in  the  first  three  weeks  was  557  ;  in  the 
second  three  weeks,  214  ;  in  the  third,  100  ,  in  the  fourth,  46  ;  in  the 
fifth,  20  ;  in  the  sixth,  11 ;  in  the  last  three  weeks,  6  ;  four  more  cases 
occm-ring  during  December.    In  the  Maidstone  outbreak,  which  lasted 
from  September  1897  till  January  1898,  the  total  number  of  cases 
was  1786.    The  population  of  the  town  'at  the  time  was  33,830.  The 
number  of  cases  in  the  first  three  weeks  was  1201 ;  in  the  second  three 
weeks,  423  ;  in  the  third,  100  ;  in  the  fourth,  46  ,  in  the  fifth,  11  ;  and 
in  the  last  three  weeks,  3  ;  there  being  two  more  cases  from  4th  September 

to  11th  September,  just  prior  to  the  acute  outburst. 

In  the  Lincoln  epidemic,  which  lastedfrom  22nd  January  till  21st  June 

1905,  there  were  in  all  996  cases.    The  population  of  the  city  at  the 

time  was  51,000.    The  number  of  cases  in  the  first  three  weeks  was  547  ; 

in  the  second  three  weeks,  200  ;  in  the  third,  125  ;  in  the  fourth,  87  ; 

in  the  fifth,  28;  in  the  sixth,  6;   and  in  the  last  three  weeks, 

3  cases. 

Reece  ^  in  his  Report  to  the  Local  Government  Board  concerning 
the  Lincoln  epidemic  stated  that  the  outbreak  had  its  origin  in  specific 
pollution  of  the  public  water-supply,  and  Klein  reported  that  he  had 
found  an  organism  in  the  water  of  an  inlet  or  feeder  to  the  waterworks 
which  resembled  B.  typhosus,  and  which  gave  positive  results  to  the 
morphological,  chemical,  and  biological  tests  by  which  that  micro- 
organism is  differentiated. 

It  will  be  observed  that  in  each  of  these  populous  places  the  water- 
supply  was  typical  of  a  supply  which  was  liable  to  specific  pollution. 
That  of  Worthing  was  from  deep  wells  in  the  chalk  close  to  fissures 
which  were  in  direct  communication  with  defective  drains  and  sewers ; 
that  of  Maidstone,  from  numerous  springs  several  of  which  were  open 
to  pollution,  and  which,  moreover,  were  outside  of  the  official  control 
of  the  medical  ofiicer  of  health  of  that  borough ;  and  that  of  Lincoln 
derived  from  streams  Avhich  were  constantly  polluted  by  excreta, 
human  and  bestial.  In  each  case,  also,  was  the  infection  co- 
extensive with  the  distribution  of  the  water-supply,  the  outburst 
was  explosive  in  character,  and  was  subsequently  characterised 
by  rapid  decline  in  numbers,  and,  later,  by  gradual  decrease  of 
cases.^ 

In  1906,  26  cases  of  enteric  fever  were  reported  in  the  Panteg  Urban 
District  of  Monmouthshire  by  the  medical  officer  of  health.  It  was 
believed  they  were  due  to  specific  pollution  of  the  water-supply.  It 

^  Report  to  Local  Gov.  Board,  1000. 
2  B.  M.  J.,  vol.  ii.,  1005,  p.  1403. 
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was  stated  that,  owing  to  shoitage  of  water,  the  water-company  had 
passed  water  of  questionable  purity  into  their  supply.^ 

A  serious  epidemic  broke  out  in  the  Bhondda  Urban  District  in  1904- 
1905.  There  are  two  water-supplies  within  the  areas  affected,  one  belong- 
ing to  the  Rhondda  Urban  District  Council,  and  the  other  to  the  Ponty- 
prTdd  Water  Company.  From  Ist  November  1904  to  10th  February 
1905,  399  cases  in  all  were  notified.  The  medical  officer  of  health  m  lus 
report  was  of  opinion  that  no  one  factor  or  combination  of  factors  could 
account  satisfactorily  for  the  nature  of  the  outbreak.  Bacteriological 
examinations  of  water-samples  proved  them  to  contain  a  high  percentage 
of  coli-like  organisms,  and  even  the  filtered  water  to  be  unsatisfactory 
from  the  bacteriological  point  of  view.  The  mortality-rate  from 
enteric  fever  in  that  district  during  the  past  ten  years  has  been  slightly 
more  than  twice  the  rate  for  England  and  Wales. 

Short  of  enteric  fever,  outbreaks  of  an  anomalous  character  have 
occurred  from  time  to  time  in  different  places.  In  Hull,  some  years  ago, 
about  20,000  of  the  inhabitants  were  attacked  with  diarrhceal  disorders 
by  reason  of  ditch-water  finding  its  way  into  the  supply-reservoir. 

Liability  for  Supplying  Impure  Tfaier.— There  have  been  froni  time 
to  time  within  recent  years  actions  of  damages  before  the  English  law- 
courts  against  water-purveyors.  Of  these,  we  record  briefly  the  facts 
of  two  cases. 

I.  Fergusson  and  the  Malvern  District  Council.  ,  • 

Before  Mr  Justice  Lawrence,  a  special  jury  awarded  the  plaintitt, 
a  medical  man,  £7000  damages  and  costs,  because  the  defendants— the 
local  water-authority— had  permitted  sewage  to  contaminate  the  water 
used  in  his  hydropathic  establishment,  whereby  a  number  of  cases  ot 
enteric  fever  resulted  among  the  residents  in  that  estabhshment,  to 
whom  the  plaintiff  had  had  to  pay  heavy  compensation.         .  ^  ^ 

The  defendants  appealed,  and  at  the  hearing  m  the  Appeal  Court 
it  was  argued  on  their  behalf  that,  on  the  findings  of  the  jury  Mr  Justice 
Lawrence  ought  to  have  entered  judgment  for  the  defendants.  Ihe 
peccant  water  came  from  a  weU  from  which  it  flowed  into  plaintiff  s 
tanks.  The  questions  left  to  the  jury  to  determine  were  :  (1)  whether 
plaintiff  had  any  proprietary  right  in  that  water;  arid  (2)  J^ad  tlie 
plaintiff  any  licence  to  use  the  water  from  the  owners,  the  defendants  ? 
The  iury  answered  both  questions  m  the  negative.  For  the  plamtitt 
it  was  argued  that  the  defendants  were  rightly  held  responsible,  because 
the  water  in  the  well  had  been  poUuted  by  percolage  of  sewage  which 
could  have  been  prevented  by  defendants.  wptp 

The  Appeal  Court  held  unanimously:  That  the  defendants  were 
entitled  to  judgment  on  the  ground  that  a  man  who  took  without 
licence  water  belonging  to  another  had  no  right  of  ^^^lon  again  t  that 
other,  even  if  it  were  contaminated  by  sewage  or  rendered  unfit  for 
domestic  purposes  from  any  cause  whatever. 

II   In  the  King's  Bench  Division  on  27th  March  1908  an  action  ^^  as 
raised  by  the  widow  of  a  farm-bailiff  of  The  Three  Counties  Asylum 
Bedfordshire!  against  the  authorities  of  that  institution  for  having 

1  B.  M.  J.,  vol.  ii.,  1906,  p.  804 :  also  ibid.,  vol.  i.,  1908,  p.  1132 ;  and  p. 
1147. 

2  B.  M.  J.,  vol.  i.,  1908,  p.  1147. 
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brou-ht  about  the  death  of  her  husband  by  negligently  supplying  the 
cotta°  e  in  which  he  lived  with  impure  water     The  water-supply  of 
the  c!)ttaoe  was  from  two  wells,  the  water  therefrom  bemg  passed 
through  a  water-softening  apparatus,  and  thence  into  a  water-tower 
for  distribution  to  the  asylum  and  its  outlying  offtcial  houses,    it  was 
araued  on  behalf  of  the  plaintiff  that  there  was  commumcation  between 
these  wells  and  the  sewage  drains  of  the  asylum,  that  the  water  was 
habitually  unfit  for  use,  that  complaints  had  been  made  regarding 
its  unfitness,  and  that  the  plaintiff's  husband  had  died  from  enteric 
fever  contracted  in  using  it.    The  argument  for  defendants  was  that 
deceased  must  have  contracted  the  disease  while  on  holiday,  that  the 
colon  bacUli  wHch  were  found  in  the  water,  upon  which  the  evidence  ot 
sewage  contamination  was  founded,  were  conveyed  to  the  water  by 
rats  and  not  by  sewage,  and  that,  had  the  illness  of  defendant  been 
due  to  the  use  of  the  asylum  water,  there  must  have  been  an  outbreak 
of  enteric  fever  among  the  inmates  of  the  asylum,  whereas  at  the  time 
deceased  was  ill  there  was  no  such  outbreak.    The  defendants  had  to 
admit,  however,  that  a  month  after  the  illness  and  death  of  plaintiff  s 
husband  some  fifteen  or  sixteen  of  the  asylum  inmates  were  stricken  with 
enteric  fever    The  jury  found  for  plaintiff  and  awarded  £650  damages. 

Dysentery  is  endemic  in  Egypt,  in  South  Africa,  and  m  other  parts 
of  the  world  from  polluted  water.  Certain  parasitic  diseases,  too, 
which  affect  man,  are  also  traceable  to  water  which  contains  the  ova 
of  certain  parasites,  or  their  mature  forms.  The  Mount  Gothard 
outbreak,  due  to  the  Anhjlostomum  duodenale,  is  an  instance.  In  like 
manner,  it  is  beheved,  may  Tcenia  solium,  Tcema  echnococcus,  and 
other  tapeworms,  Ascaris  lumhricoides,  Oxyuns  vermtculans,  iilana 
Persians,  Bilharzia  hcematobia,  Filaria  dracunculu&,  and  other  parasites 
find  a  nidus  in  the  human  body.  There  is  also  good  reason  to  beheve 
that  such  microbic  diseases  as  anthrax  and  glanders  have  been  pro- 
pagated among  animals  from  the  water  of  public  drinkmg-troughs, 
by  specific  contamination  fi-om  infective  cattle  or  horses.  .  ,  .  .  ;  : 

(B)  From,  Mineral  or  other  Constituents.— Tha  mineral  constituents 
of  water,  when  abundant,  are  apt  to  engender  not  only  discomfort  but 
disease.    Persons  who  for  nine  or  ten  months  of  the  year  use  soft 
water  for  potable  purposes  and  food-preparation,  are  very  liable  at 
first  to  gastro-intestinal  disturbance  when  they  remove  for  a  summer 
holiday  to  a'TIstricWhere  the  water  is  hard.    This  is  particularly 
true  of  those  with  a  rheumatic  or  goUty  diathesis.  Constipation 
alternating  with  diarrhoea,  or  continuous  diarrhoea,  with  gastric  catarrh 
and  dyspepsia,  are  common  effects,  until  acclimatisation  is  estabhshed. 
Certain  definite  diseases  have  been  for  ages  attributed  to  the  constant 
use  of  hard  water.    Goitre,  or  "  Derbyshire  neck,"  and  cretinism 
are  the  chief.    By  some  observers  these  affections  are  declared  to 
be  due  to  the  sulphates  of  lime_andjnagnesia^  the  water,  and  by 
others,  to  certain  nietelTicsuiphides,  notably  that  of  iron.    In  Switzer- 
land, the  Hinialayas,"~CocHn  China,  and  the  Pyrenees,  as  well  as  at 
home,  cretinism,  which  consists  of  a  rickety  condition  of  the  osseous 
system,  associated  with  imperfect  development  of  the  brain  indicated 
by  imbecility,  is  by  no  means  uncommon.    Norris,  about  half  a  century 
ago,  described  the  endemic  crStins  of  the  village  of  Chiselborough  in 
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Somerset.  This  village  lies  in  a  valley  hemmed  in  on  all  sides  but 
one  by  hills  over  400  feet  high.  Its  population  numbered  54-0  ;  of  these 
two  to  three  hundred  were  goitrous,  of  low  intelligence  and  defective 
speech,  20  were  cretins,  and  5  goitrous  deaf-mutes.  All  these  have 
now  practically  disappeared  under  improved  sanitary  conditions. 
As  to  the  origin  of  the  affections,  much  striking  evidence  has  been 
adduced.  McClelland,  quoted  by  Hirsch.^  says  of  the  province  of 
Kuman  in  the  Himalayas,  that  in  91  villages  situated  on  granite  and 
gneiss,  hornblende-slate  and  mica-slate,  green  sandstone,  grassitine, 
and  silicious  sandstone,  with  a  total  population  of  5383,  there  were 
29  goitrous  persons  and  no  cretins,  but  that  in  35  villages  on  Alpine 
limestone,  with  a  population  of  1163,  there  were  390  cases  of  goitre 

and  34  of  cretinism.     A  French  Commission 
appointed  to  make  investigation  on  this  subject, 
obtained  some  remarkable  evidence,   as,  for 
example,  the  following  :  In  1848,  in  a  town 
called  Bozel  (Tarentaise),  of  a  population  of 
1472  persons,  900  had  goitre  and  109  were 
cretins,  while  the  village  of  St  Bon,  situated 
about  1100  yards  higher  than  Bozel,  was  free 
from  both  diseases.    Each  had  its  own  separate 
water-supply,  that  of  Bozel  was  a  hard  wateir 
containing  magnesium  and  lime  sulphate,  and^^ 
that  of  St  BonwaTT^olrwCeTT— A  pipe  was 
laid  from  St  Bon  to  Bozel  conveying  this  soft  | 
supply.  Sixteen  years  later— 1864— in  Bozel,  the, 
number  of  goitrous  persons  had  fallen  to  39,  and  of' 
cretins  to  58.    Against  this,  however,  must  be 
placed  the  contrary  experience  of  such  places  as 
Sunderland,  where  the  water  is  of  30°  hardness, 
principally  due  to  sulphates  of  lime  and  magnesia. 
While,  theref ore,TEe~caSsar reiationsEip^f  hard 
water  and  goitre  appears  to  be  so  close,  it  has 
not  yet  been  clearly  determined  that  lime 
and  magnesium  salts  alone  are  the   causative  factors    In  1898 
Grasset  of  Montpellier  communicated  to  the  French  Academy  ot 
Sciences  the  results  of  investigations,  extending  over  ten  years  on 
persons  suffering  from  goitre  in  the  Puy-de-Dome  department  ot 
France.    In  the  blood  of  eight  persons  suffering  from  recently  acquired 
goitre-from  ten  to  fifteen  days-Grasset  found  specialh^matozoa.  He 
describes  them  as  spherical  bodies  Tiig^r  ^fhan  a  red^lood-corpuscle, 
non-nucleated,  containing.red  pigment,  and  possessing  ^Jree  flageUun  . 
Although  they  resembled  the  heematozoa  described  by  Damle^^skl, 
Grasset  avers  that  none  of  the  patients  were  malarious.    From  the  exist- 
ence of  this  hJEmatozoon,  Grasset  believes  goitre  to  be  inf^ctious^   1  hcse 
observatioiis,  it  must  be  added,  have  not  yet  been       "^^f  ^^^^^^^J^^'^^^^ 
enable  it  to  be  defimtely  affirmed  that  the  disease  is  due  to  a  h^^^^^tozoon^ 
Probablv  among  the  most  recent  researches  on  this  subject  are 
those  of  McCarrison  regarding  the  prevalence  of  the  disease  in  the 
1"  Handbook  of  Geographical  and  Historical  Pathology,"  vol.  n.,  p.  l/« 
(Syd.  Soc.  Ed.). 
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Chitval  and  GiJgit  valleys  of  India.    In  these  districts  goitre  prevails 
extensively.    From  his  observations,  carried  on  over  three  /ears  m 
these  districts,  he  arrived  at  the  following  conclusions  :-(a)  that  the 
water-supplv,  which  was  from  limestone  rocks   was  the  vehicle  ot 
Spread  of  t^;  disease;  (b)  that  at  the  source  of  supply  it  produced 
U  8  per  cent,  of  cases ;  (o)  that  at  the  point  of  distribution  it  caused 
45-6  per  cent,  of  cases;  and  {d)  that  between  the  source  and  the 
terminus  of  supply,  therefore,  some  goitre-producmg  element^  orgamc 
or  inorganic,  must  have  been  introduced  into  the  water.    He  draws 
attention,  further,  to  the  following  points  :-(!)  that  water,  if  it  is  the 
cSef  vehicle  of  infection,  is  not  the  only  vehicle  ;  (2)  that  the  disease 
is  not  due  to  any  dissolved  ingredient  in  the  water ;  (3)  that  experi-  ^ 
ments  on  dogs  in  Gilgit  were  constantly  negative  ;  (4)  that  the  mcreased  , 
prevalence  of  goitre  in  the  population  in  the  lower  parts  of  the  Gilgit  i 
supply  was  due  to  the  increased  impurity  of  the  water  lower  down; 
(5)  that  the  people  of  Barmis,  although  living  m  the  Gilgit  fan,  do  not 
suffer  from  the  disease ;  (6)  that  the^disease  is  constantly  associated 
with  limestone  rocks  in  Chitral  and  Gilgit ;  (7)-th^fr4he-disease^can^De 
rapidly  acquiredTby  susceptible  individuals  in  goitrous  districts  aiter 
a  residence  of  from  three  to  four  weeks  ;  and  (8)  that  there  are  grounds 
for  the  belief  that  indigenous  inhabitants  of  goitrous  districts  acquire 
through  several  generations  a  natural  immunity  to  the  disease. 
The  analysis  of  Gilgit  river  water  is  as  follows  : — 

Grains  per  gallon. 
Total  solids  =  7 

Total  hardness  =4 

Calcium  =  about  6 

Magnesium  =  not  found 

Iron  =  trace 

Sulphates  =  3 

Chlorides  =  small 
Free  ammonia  \ 

V  —  nl 


Organic  Matter  h  =  nil 

Nitrites 

Metals  (other  than  above)-' 


In  the  goitrous  districts  of  this  region  no  animal  exanuned— including 
dogs,  mules,  cows,  sheep,  goats,  and  ponies— was  found  to  be  goitrous. 
In  discussing  the  question  of  water  being  causative  of  the  disease, 
this  writer  asks  the  question  :  Can  the  water  of  the  Gilgit  river  at  its 
source—the  pure  water  from  the  melting  snows  of  the  hills— take  up 
on  its  way  down  a  rocky  nullah  or  ravine  such  ingredients  as  will  give 
rise  to  goitre  among  the  people  who  drink  it  m  the  valleys  lower  down  j 
He  points  out  that  the  people  of  Nagar  have  begun  to  be  affected 
with  the  disease  during  the  past  six  years  only,  the  water-supply  having 
always  been  the  same;  that  goitre  was  introduced  from  without; 
and  that  it  commenced  in  infants  under  one  year.  He  feels  compelled 
to  admit  that  the  water  in  the  whole  district  is  the  vehicle  of  the  disease, 
but  he  believes  that  three  factors  have  to  be  considered  as  m  some 
way  causally  connected  with  it— viz.  (a)  geological  origin  of  the  soil, 
(6)  dampness  of  soil,  and  (c)  slope  of  the  ground.  Although  in  Ql'itrai 
and  Gilgit,  taken  generallv,  the  disease  is  invariably  associated  with 
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limestone  rock  formations,  he  has  observed  that  most  goitrous  persons 
are  found  in  villages  situated  on  damp  soil. 

He  has  made  examinations  of  the  blood  of  over  a  hundred  cases  of 
the  disease,  but  he  has  never  met  with  Grasset's  haimatozoon.  In  the 
fresh  fceces  of  goitrous  persons,  however,  he  has  found  two  varieties 
of  organisms  :  one  spherical  in  form,  and  the  other  pear-shaped  or 
ovoid,  sometimes  accompanied  by  appearances  microscopically  resemb- 
ling a  shell  or  chitinous  envelope.    He  believes  the  organisni  to  be  a 
sporozoon.    By  the  internal  administration  of  thymol  as  an  intestinal 
disinfectant  or  antiseptic,  a  marked  reduction  in  size  of  the  thyroid 
enlargement  has  been  observed  to  result.    He  has  reached  the  conclusion 
froin  his  observations  that  goitre  is  caused  by  an  organism  which, 
living  in  the  soil  of  infected  localities,  invades  the  body  through  the 
medium  of  the  water-supply.^    Nearer  home  observations  are  also  being 
made.    Spurway^  gives  some  facts  relating  to  the  prevalence  of  this 
disease  in  Hertfordshire  and  Buckinghamshire.    The  cases  were  equally 
found  in  a  population  occupying  a  tableland  of  the  Chiltern  Hills  about 
700  to  800  feet  above  sea-level,  and  in  a  valley  about  400  feet  lower. 
Part  of  the  district  is  on  chalk  with  a  large  admixture  of  flints,  and  part 
on  clay.    There  is  no  running  water.    Sixty  cases  were  found  here. 
The  disease  was  found  to  prevail  among  those  very  closely  intermarried, 
and  among  the  cases  were  several  of  low  intellect,  who  constituted  the 
village  "  naturals."    The  water-supply  of  these  goitrous  persons  was  v 
obtained  from  various  sources  ;   some  from  ponds,  some  from  wells 
in  chalk  or  clay ;  and  some  from  collected  ram-water.    The  distncts 
are  now  supplied  with  water  from  the  chalk  formation  by  the  Chiltern 

Hills  Water  Company.  .  ,    r  ,        ^-  ij 

From  the  gradually  accumulating  material  of  obser\Tation,  it  would 
appear  as  if  the  indications  more  and  more  strongly  pointed  to  a  sporo- 
zooic  or  hsematozooic  cause  of  this  disease.  „    .  •  mr 

Purification  of  Water  on  the  small  scale :  (1)  Boiling.— Lhose  im- 
purities in  water  due  to  sewage  contamination  which  are  most  dangerous 
to  health  and  life  may  be  got  rid  of,  on  the  small  scale,  by  boiling  and 
by  filtration.    Since,  however,  boiled  water  loses  its  piquancy  of  flavour, 
due  to  the  atmospheric  gases  which  it  contains  having  been  driven 
off  it  is  necessary  to  re- aerate  it  to  make  it  palatable,    ihis  may 
be'done  in  a  variety  of  ways,  as  by  pouring  it  from  one  vessel  to  another- 
preferably  through  a  rose-opening,  or  a  sieve.    Household  fiiiers^^ 
the  means  adopted  to  purify  water  from  suspended  matter.  Much 
has  been  written  in  condemnation  of  these  filters,  but  their  failure 
seems  to  consist  in  their  inability  to  arrest  inicro-organisms,  and 
also  that  the  filtering  media  are  not  cleansed  suflaciently  often  but 
provided  that  the  media  are  re-purified  at  regular  short  inter%^als 
their  action  is  not  only  safe,  but  fairly  efficient  as  I'^g'^'-ds  susp<.;^^^^^^ 
matters.    The  filtering  media  in  most  common  use  are  :   (1)  carbon. 
SiVrnal  or  vegetable,  in  powder  or  in  block  and  alone,  ,  or  com  W 
with  manganese,  silica,  or  iron  ;  (2)  sand,  solid  or  m  grams    (3)  iron, 
Tsome  form,  as  spongy  iron,  polarite,  magnetic  -J^ide  o  iron  and 
iron  combined  with  charcoal  and  clay,  called  carferal ,  (4)  asbestos, 

1  Lancet,  vol.  ii.,  1906,  p.  1570  ;  B.  M.  J.,  vol.  i.,  15)06,  p.  861. 

2  B.  M.  J.,  vol.  i.,  1906,  p.  1037. 
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diatomaceous  earth.  These  bougies  are  enclosed  f  J^*^^  ^^'^^i 
uiich  may  be  screwed  on  a  water-tap,  or  be  connected  with  a  small 
?ank  Even  these  require  frequent  and  careM  cleansing  ^ecause  of 
fW  ability  to  arrest  the  finlst  suspended  matter ;  and  this  is  best 
Iccom^ied  by  tubiecting  the  bougJs  to  a  red-heat,  after  preliminary 

""SKlfand  ta^  have  subletted  to  rigid  tests  a  cheap,  wlnte 
porceMn  filter  supplied  by  Doulton  &  Co.,  and  their  experiments 
proved  that,  like  the  Pasteur-Chamberland  bougie  it  prevented  ^ 
L  direct  transmission  of  contaminated  water  at  ow  pressure  hi 
and  the  direct  transmission  of  orgamsms  by  filtration  with  the 
vacmim  pump,  thus  proving  its  value  for  obtaimng  steri^ 
filtrates  for  laboratory  uses.    The  thickness  of  the  waH  of 
the  Doulton,  compared  with  the  Pasteur-Chamberland  bougie 
is  in  the  ratio  of  1  :  1-35,  thus  probably  accounting  for  the 
greater  rapidity  in  filtration  of  the  former  compared  with  the 
fatter  which  stLds  in  the  average  ratio  of  1-57  :  L  Microscopic 
investigation  of  the  substance  of  the  Doulton  bougie  showed 
remarkable  homogeneity.  , 

(2)  Distillation  is  the  method  commonly  employed  on 
board  steamships.    Distilled  like  boiled  water  has  a  flat  taste 
and,  therefore,  must  be  re-aerated  to  restore  its  flavour,  it 

is  free  from  organisms  and  dissolved  sohds. 

{Z)  Btj  Addition  of  Chemical  Suhstances.-Theseh^eheen 

tried  mainly  with  armies  in  the  field  to  overcome  the  delay 
consequent  upon  boihng  or  sterilising  the  water-supplies    In  Past^e^ur- 
the  Soudan,  our  army  used  a  form  of  bromine  process,  tte  i.^^  Filter, 
French  have  tried  potassium  permanganate,  alum,  and  ctialic, 
the  Belgians  an  apparatus  for  generating  hydrogen  P^f^^^^'  ^^^^ 
Austrian!  calcium  hypochlorite  ;  but  all  have  been  found  ^^effectwe 
Parkes  and  Rideal  ^  have  experimented  with  a  great  variety  of  chemical 
agents  to  produce  sterilisation  of  water,  and  of  these  P^o^a>^ly 
most  efficient  and  most  active  were  tartaric  ^^^/^i^^^^Trr 
bisulphate.    The  latter  salt,  it  is  stated,  destroys  the  B.  f 
five  minutes'  contact  in  a  solution  contaimng  15i  grains  to  the  pint  oi 
infected  water-i.e.  one  part,  of  the  salt  to  about  565  parts  of  water. 
It  has  been  found  better,  however,  to  permit  of  fifteen  mimites  contact 
It  is  believed,  moreover,  that  if  men  on  the  march  ^^re  supplied  witk 
the  salt  in  the  form  of  5-grain  tabloids,  t^i^^t f.Tnn  of 
and  the  immediate  hunger  for  water  stayed  until  efficient  sterihsation  ol 
supplies  by  certain  methods  could  be  achieved.  x„4.:^„ 
Purification  of  water  on  the  large  scale  is  effected  by  sedimentation 
and  filtration ;   and  these  are  necessary  in  all  waters  derived  trom 


1  Jour,  of  Hyg.,  vol.  vii.,  p.  408. 

2  B.  M.  J.,  vol.  i.,  1901,  p.  242. 
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catchment-areas  containing  arable  land,  and  from  rivers.  Sedimenta- 
tion is  allowed  to  take  place  during  the  period  of  stay  in  a  large  re- 
servoir, and  the  action  of  gravity  causes  suspended  matter,  coarse 
and  fine,  to  fall,  and  in  doing  so  to  entangle  in  it  micro-organisms.  In 
the  term  sedimentation  must  be  included  the  effects  of  sunlight,  for 
the  diminution  in  number  of  micro-organisms  per  c.c.  which  follows 
sedimentation  must  be  partly  attributed  to  the  operation  of  both 
causes.  In  the  case  of  the  London  companies,  the  average  number  of 
microbes  is  reduced  from  16,000  per  cubic  centimetre  to  numbers 
varying  from  1000  to  7800.  It  has  been  clearly  demonstrated  from 
the  experiments  of  Delepine  and  others,  (1)  that  sedimentation  is 
an  important  factor  in  the  bacterial  purification  of  water,  and  (2)  that 
the  best  results  appear  to  be  obtained  when  the  flow  of  water  in  a 
reservoir  is  sufficient  to  prevent  stagnation,  and,  at  the  same  time, 
to  enable  gravity  to  operate.  In  large  waterworks;  sedimentation 
is  achieved  by  abimdant  area  of  storage-reservoirs.  But  filtration 
must  be  deemed  as  the  most  important  factor  in  purification.  While 
the  filter-beds  may  be  constructed  of  different  total  depths  of  filtering- 
media,  and  the  constitution  of  the  filter-bed  differs  in  different  cases,  it 
may  be  said  that  a  filter-bed  is  composed,  from  above  downwards,  of 
(1)  a  layer  of  sharp  sand,  (2)  gravel  or  broken  shells,  and  (3)  small  boulders 
or  large  gravel.  It  would  appear,  however,  from  experiments  of  many 
observers,  that  the  efficiency  of  filtration  does  not  depend  so  much 
upon  the  total  depth  or  composition  of  the  filter-bed,  as  upon  the  rate 
of  filtration  and  the  formation  of  a  gelatinous  scum  on  the  surface  of 
the  filter-bed.  In  London,,  where  filtration  is  carried  on  on  the  largest 
scale,  the  depth  of  the  water  on  the  filter-bed  is  never  greater  than 
two  feet,  and  from  this  the  average  rate  of  filtration  per  square  foot 
is  42  gallons  per  twenty-four  hours.  One  hundred  acres  of  filter-beds 
are  employed  by  eight  London  companies,  and  the  efficiency  of  filtra- 
tion may  be  gathered  from  the  fact  that  the  number  of  organisms 
per  c.c.  is  reduced  from  16,000  to  numbers  varying  between  35  and 
100  ;  and  according  to  Frankland,  the  number  of  micro-organisms  in 
unfiltered  Thames  water  at  Hampton  is  reduced  by  over  97  per  cent., 
on  the  average,  by  sedimentation  and  filtration.  The  experiments  of 
the  Massachusetts  Board  of  Health  clearly  prove  that,  under  the 
following  conditions,  filtration  would  remove  fully  99  per  cent,  of 
organisms — viz.  (a)  a  filter-bed  of  sand  of  60  inches  in  depth,  the 
average  size  of  sand  grain  being  -09  millimetre ;  (6)  a  rate  of  filtra- 
tion of  two  million  gallons  per  acre  per  day.  Kocla,  indeed,  has  laid 
down  the  principle  that  no  water  should  be  permitted  to  enter  a  sexAace- 
reservoir  which  contains  more  than  100  organisms  per  c.c.  The  highest 
point  of  efficiency  of  a  filter-bed  is  not  attained,  as  might  a  priori  be 
expected,  immediately  after  it  has  been  set  in  operation,  or  has  been 
renewed,  but  until  some  days — five  to  ten  or  more — after  it  has  been 
working.  This  points  to  the  fact  that  water-filtration  is  not  merely 
a  mechanical  straining  operation,  but  is  something  more.  When  the 
surface  of  a  filter-bed  is  examined  after  about  twelve  days'  work,  a- 
thin  gelatinous  layer,  or  film,  will  be  found  to  have  formed.  This 
seems  to  be  a  biological  filter,  in  which  the  micro-organisms  are  arrested. 
Upon  examination,  this  film  or  scum  is  found  to  consist  of  organic  matter 
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and  bicteria  The  life  of  a  filter-bed  for  efficient  action  will  depend 
upon  tbe  character  of  the  water  to  be  filtered,  but  m  tbe  cases  nnder 
consideration  it  lasts  for  from  three  to  six  weeks  or  longer  At  the 
end  ofihS  time,  the  filter-bed  is  allowed  to  rnn  dry  and  the  top  inches 
of  sand  are  removed,  and  washed  rid  of  organic  debris  m  a  washing- 
machine  while  they  are  replaced  by  clean  sand. 

Part  of  the  Glasgow  area  of  water-snpply  is  st.ll  provided  from  the 
Gorbals  waterworks?  wMch  was  the  main  supply  before  the  institution 
of  the  Loch  Katrine  supply.  This  water  is  obtained  from  a  gathering- 
lund  near  Mearns,  some  miles  to  tbe  soutb-west  of  the  city,  and  as  a 
Considerable  part  of  it  is  on  arable  ground,  the  water  after  sedimentation 
inTeservoirs  is  filtered  before  being  sent  to  consumers.  Each  filtex^bed 
s  composed  from  above  downwards  of  the  following  materials  .-sharp 
liSn'sand,  2  feet  6  inches,  a  layer  of  perforated  gW  ^les  and 
gravel,  6  inches,  and  broken  stones  (half-inch  size),  2  feet  making  a 
fnHl  denth  of  5  feet.  The  water-level  on  filter-bed  is  maintained  at  a 
£  ght  oCffootl  the  level  of  sand  of  bed.  The  rate  of  filtration 
IS  about  600  crallons  per  square  yard  of  filter-bed  per  twenty-four  hours. 
The  filtr  beds  act  in  series ;  one  set  being  at  work  while  the  otiier  is  bemg 
cleaned  and  resting.  The  filter-bed  is  cleaned  periodically  by  scraping 
ofi  the  ton  layer  of  sand  to  a  depth  of  three-quarters  of  an  inch  or 
thereby,  the  removed  sand  being  washed,  a  fresh  clean  layer  of  sand 

being  substituted  in  its  place.  w       i   ^i^ino 

Eor  less  extensive  needs  than  for  the  population  of  a  populous 
Tilace  and  for  sterihsing  water  for  armies  in  the  field  and  for  gangs  ot 
r^ierrn  engtneering^chemes,  other  methods  of  purification  have 
W  devised  One  of  these  is  the  Lawrence  Water  Sterihser  and 
Cooler  The  apparatus  has  the  advantages  of  simphcity,  compactness, 
rapidity,  and  completeness  of  action,  and  ease  and  economy  m  working. 
The  crude  water  enters  the  apparatus  by  a  pipe  which  passes  into  the 
heating  chamber,  where  it  is  heated  steadily,  continuously,  and  pro- 
gressively, until  it  boils.  Leaving  this  chamber  it  gradually  cools 
until,  bv  the  time  it  has  reached  the  exit  opening,  it  is  practically  of 
the  same  temperature  as  of  entrance.  A  large  plant  has  been  installed 
at  Leavesdcn  Asylum  under  the  Metropolitan  Asylums  Board  which 
deals  with  9000  gallons  of  water  per  hour.  The  bacteriological  reports 
of  the  water  treated  in  this  installation  after  six  months  working  have 
been  satisfactory.  The  system  also  softens  waters  so  far  as  the  hardness 
is  of  a  temporary  nature.  . 

Of  late  years  mechanical  forms  of  filtration  appear  to  be  growing 
in  favour,  and  especially  in  America,  where  at  least  200  populous  places 
have  adopted  the  method.  This  is  probably  largely  due  to  the  fact 
that  so  many  of  these  towns  depend  for  their  supplies  upon  river  water 
which  contains  clay  or  other  particulate  matter  m  a  very  finely  com- 
minuted condition.  Nearly  all  forms  of  mechanical  filtration  are 
based  on  the  principle  of  mechanically  adding  some  coagulant  to  tlie 
raw  water  and  subsequently  filtering  the  mixture  at  high  velocity  tlirough 
sand,  the  filter-bed  being  periodically  washed  by  reversing  the  current 
and  blowing  air  through  it.  The  Jewell  filter  consists  of  a  steel  cylinder, 
open  at  its  upper  end  and  closed  at  its  lower  end.  Above  the  true 
bottom  of  the  cylinder  there  is  a  false  bottom  on  which  is  laid  tlic 
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filtering  material  composing  the  bed,  which  consists  of  a  bottom  layer 
of  gravel  and  over  it  about  forty  inches  of  sand.  About  the  middle  of 
the  cylinder  containing  the  filter-bed  begins  an  outer  cylinder  which 
extends  to  the  top.  This  outer  cylinder  is  a  little  wider  than  the  inner, 
and  thus  leaves  between  an  annular  space,  which  is  closed  below,  into 
which  the  raw  water  passes.  Rising  up  in  the  annular  space,  it  passes 
over  the  lip  of  the  interior  cylinder  on  to  the  surface  of  the  filter-bed, 
and  after  passing  through  the  bed  reaches  the  exit-pipe  purified.  The 
coagulant,  which  has  been  added  to  the  water  prior  to  its  reachmg 
the  filter-bed,  consists  of  a  2  per  cent,  solution  of  sulphate  of  alumma, 
and  is  supplied  to  the  raw  water  in  a  mixing  tank.  The  water,  now 
mixed  with  the  alumina,  passes  into  a  subsidence  tank,  and  thence 
into  the  filter  as  described  above. 

The  use  of  sulphate  of  alumina  results  in  the  formation  of  a  flaky, 
jelly-like  substance,  which  carries  with  it  to  the  bottom  of  the  sub- 
sidence tank  the  great  bulk  of  suspended  matter.  In  Alexandria, 
Egypt,  where  the  Jewell  Filters  are  used.  Bitter  found  that  by  using  a 
six-hour  period  of  subsidence  75  per  cent,  of  micro-organisms  were 
removed.  Schreiber  has  reported  favourably  of  the  purification  effected 
in  an  experimental  installation  of  the  Jewell  Filters  at  the  Berlin  ^\  ater- 

works  near  Lake  Miiggel.  ^i      x.     ■  ^ 

The  action  of  mechanical  filters,  used  as  described,  is  both  a  chemical 
and  a  mechanical  action.  If  the  water  contains  carbonate  of  liine, 
the  chemical  reaction  which  takes  place  with  the  sulphate  of  alumina 
is  as  in  the  following  equation  : — 

Al^lSO  J  3  3CaC0  3  +  3H  ,0  =  A]  ,(0H),  +  SCO  ^  SCaSO 
The  hydrate  of  alumina  formed,  by  reason  of  its  physical  characters, 
entangles  within  its  flaky,  jelly-like  substance  particulate  matters  of 
all  kinds.  Most  of  this  subsides  by  gravity  during  its  detention  m 
the  subsidence  tank,  and  any  which  may  stUl  be  in  suspension  is  arrested 
in  the  surface  and  in  the  upper  layers  of  the  filter-bed,  thus  forming  a 
scum  not  unlike  in  character  to  the  biological  scum  formed  m  the  slow- 
filtering  processes,  and,  like  the  latter,  arrests  the  progress  of  orgamsms 
as  well  as  minute  forms  of  plant  life,  or  plankton,  thi-ough  the  filter. 

At  Alexandria,  Egypt,  eighteen  Jewell  Filters  are  m  use,  each  of 
these  being  17  feet  in  diameter,  giving  223  square  feet  of  filtering  surface, 
and  7  feet  in  height.  The  annular  space  referred  to  between  the  outer 
and  inner  cylinder  is  5|  inches  in  width,  all  round  the  filter,  ihp 
woVsTave  to  supply  filtered  water  to  about  400,000  persons,  which 
varies  between  4:500,000  and  8,500,000  gallons  daily.  From  the 
bacteriological  reports,  the  monthly  averages  of  each  separate  filter 
varied  between  9  and  27  organisms  per  c.c,  the  corresponding  average 
numbers  in  the  raw  water  being  from  717  to  about  4(00.  _ 
Other  mechanical  filters  are  in  the  market  and  ^  use  for  water 
filtration,  such  as  Bell's,  Reeve's,  Candy's,  and  others  The  filters  used 
ior  the  Edinburgh  water-supply  are  Bell's,  the  beds  « /It^Jljl^^^^^^J^^J 
being  composed  of  silver  sand.  There  are  twelve  of  these  fi  ters,  and 
each  filter  is  able  to  deal  with  from  6000  to  10,000  S^^om  vevho^^v. 

Another  method  of  purification  on  the  large  scale  totally  different 
in  principle,  moreover,  from  any  already  discussed,  is  by  the  use  of  iron 
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in  a  revolvincr  apparatus.    The  system  has  been  installed  at  Antwerp 
A  Sl.lnVn?  .ur  Mer    Before  the  installation  of  this  system  at  the 
llver^SiwS^^^  employed  for  the  filtration  of  the  water 

t-SrsTon4  Son  and  gravel,  but  they  had  to  be  abandoned  owmg  to 
r  fSt  tfat  the  filter-beds  became  gradually  choked,  and  the  iron 
almost  inacth^e.  Since  1885,  the  water  of  that  city  has  been  purified 
t  tt  r^ei^cy  of  Anderson's  Revolving  Purifier.  The  apparatus 
cLlts  ofl^-evolving  cylinder  into  which  is  pnt  a  quantity  of  metallic 
ZTn  the  fonn  of  calt-iron  borings  or  clean  scrap-iron,  such  as  punch- 
ing f?om  iron  plates.  The  water  to  be  purified  is  passed  through  this 
cyUnder  the  cylinder  beins  made  to  revolve  slowly,  and  thus  the  iron 
fJ  w  in  motion  beino-  lifted  up  and  showered  down  as  the  cylinder 
goestundHn^^^^^^^^^  thf  ater  as  it  slowly  ^ows  tough  the 

cylinder  The  water  takes  up  from  one-tenth  to  one-fifth  of  a  grain 
nf  iron  ner  aaUon  This  is  got  rid  of  either  by  blowing  air  through  the 
ISby  cf  Ins  the  efflufnt  water  to  flow  along  shallow  open  troughs ; 
rufthe  o'Lide  is  thrown  out  of  solution,  and  is  foj^^^^^^^^l  ^ 
sedimentation  or  subsidence  reservoirs.  The  efiect  of  the  procesb 
s  to  rid  the  water  of  about  63  per  cent,  of  orgamc  matter  while  micro- 
lllSsrn.  \re  reduced  in  number,  m  the  case  of  the  Boulogne. 
sS-Mer  water,  from  800  to  over  7000  per  c.c.  to  an  average  o.  40 

^''in  ceitain  waters,  derived  from  very  boggy  gathering- grounds  the 
colour  is  sometimes  very  pronounced,  being  not  infrequently  as  high 
as  sherrv  or  pale  beer.  Experiments  have  proved  that  ordinary  filtra- 
tiof  reXc's'but  little  the  Lour,  on  account  of  the  colouring  matter 
being  either  in  a  dissolved  or  minute! y-diyided  character.  It  is  not 
unlikely  that  the  methods  of  mechanical  filtration  ]ust  described  may 
do  mor^e  towards  the  reduction  of  this  colour  than  any  known  system 

°'X%nS^r-BT"^^^^^  of  the  economic  and  other  disadvantages 
of  hard  4aters,  it  has  been  found  desirable  to  soften  water  on  the 
large  scale.    For  this  purpose,  several  processes  are  m  vogue  ;  sucfi  as 
those  of  Clark,  Porter-Clark,  Howatson,  Atkm  Desrumaux,  the  Stan- 
hope, the  Lawrence,  and  others.    The  original  of  these  was  Claik  s 
and  ;vas  applied  at  the  storage-grounds.    The  rationale  of  the  process 
was  to  remove  the  hardness  due  to  the  carbonates  of  lime  and  magnesia, 
by  adding  fre^hlolak^i"^^      defijied^roEqrtiQns,  depending  upon 
the  hardness.    Tfeltdded  lime,  faking  up  the  excess  CO ^  which  kept 
these  salts  in  solution,  forms  fresh  carbonate  of  lime  and  niagnesia 
throws  the  original  salts  out  of  solution,  and  the  whole  are  precipitated 
together.     The  reaction  which  takes  place  for  the  lime  is  this . 
CaOC02C02+Ca(HO)2=:2CaC03-fH20.    The  factors  to  be  known  or 
its  practical  application  are  these  :  (a)  the  cubic  contents  of,  or  q^^antity 
in  gallons  in  the  reservoir,  the  water  of  which  is  to  be  softened ;  (6) 
the  number  of  degrees  of  temporary  hardness  of  the  water. 

Clark's  rule  was  that  for  every  lOO^^i^t^^^i^-Xe-^^-^J;-  °! 
freshly-burned  lime  for  each  degree  dfhardness  were  to  be  added, 
thairorCTor-wa?ei-&  of  10°,  15^  or  20°  of  hardness,  the  necessary 
quantities  of  lime  would  be  60,  90,  or  120  lbs.  respectively.  iheJime 
to  be  added  being  mixed  in  a  tank  with  500  to  1000  gallons  of  water, 
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the  bulk  to  be  purified  is  made  to  pass  slowly  tlirougli  it.  The  water 
thereupon  assumes  a  mUky  hue,  due  to  the  carbonates  in  suspension 
which  have  been  thrown  out  of  solution,  is  then  allowed  to  settle  to 
permit  of  precipitation,  the  supernatant  water  is  drawn  oil,  and  is  re- 
aerated  by  passing  it  over  an  artificial  weir  composed  of  a  rough  surface. 
In  the  other  processes, lime  alone,  or  lime  mixed  with  sodium  carbonate,  or 
with  alumina  in  addition  is  used.  But  the  great  difference  betw^een  Clark's 
original  process  and  some  of  the  other  processes  named  is  the  mode  by 
which  the  precipitated  lime  is  got  rid  of.  In  the  Porter-Clark  process, 
the  suspended  lime  and  water  are  passed  through  filter-presses  at  high 
pressure.  The  same  general  arrangements  are  present  in  Atkin's  sys- 
tem, but  the  deposit  on  the  filter-sheets  is  rubbed  off  continuously  as  it 
is  deposited  by  revolving  brushes.  In  the  others,  more  or  less  com- 
plicated machinery  is  employed.  It  may  be  said  of  them  all  that  they 
very  efficiently  accomplish  their  object :  and  the  effect  is  to  reduce 
the  hardness  by  several  degrees,  :^rying^from  12  to  15. 

In  the  Desrumaux  process,  whicnllas~been  adopted  m  several  places  on 
the  Continent,  the  object  is  not  merely  to  rid  the  water  of  its  temporary, 
but  also,  in  some  measure,  of  its  permanent  hardness.  The  water  to 
be  softened  is  run  into  a  distributing  receiver,  one  portion  being  diverted 
through  a  sluice-valve  to  fall  on  and  propel  a  water-wheel  by  which 
the  slaked  lime  is  mixed  and  conveyed  into  the  reagent  chamber,  the 
other  portion  passing  into  the  saturator.  At  the  same  time  sodium 
carbonate  in  solution  of  definite  strength  is  delivered  at  a  definitemte 
from"~artank  into  the~cent]?ar  reagent  chamber.  The^cH^emical  reaction 
betweenrTTie~"hm5'~wirte'r  and''"so^  and  the  water  to  be 

softened  takes  place  in  this  chamber.  The  interior  of  this  chamber  is 
lined  by  a  series  of  spiral  volutes,  upon  which  the  lime  salts  now  thrown 
out  of  solution  become  deposited,  and  gradually  falling  down  to  the 
bottom  of  the  central  chamber,  may  be  periodically  removed.  The 
water  itself,  gradually  rising  to  the  top  of  the  volutes,  is  then  passed 
upwards  through  filters,  and  passes  out  at  the  exit-pipe  purified  and 
softened. 

It  is  interesting  to  note  that  the  same  mechanism,  but  with  different 
chemicals,  is  being  used  to  purify  the  sewage  of  Paris. 

Quantity  to  be  supplied  per  Head  per  Day. — The  amount  of  water 
supplied  per  head  per  day  in  any  community  is  necessarily  determined 
by  the  total  available  amount  at  disposal.  But  there  is  a  certain 
minimum  quantity  which  is  necessary.  The  average  adult  needs  for 
nutrition,  as  a  beverage  and  as  a  constituent  of  cooked  or  other  food, 
from  70  to  100  ounces  (3^  to  5  pints)  daily.  The  soldier  in  barracks  is 
allowed  15  gallons  per  diem  for  all  purposes.  The  needs  of  a  town  are 
determined  by  the  fact  whether  or  not  it  is  a  manufacturing  town,  and 
what  is  the  nature  of  the  trade-processes.  But  in  any  case,  the  supply 
per  individual  may  be  apportioned  as  follows  :  (.4)  Dietetic  :  (1) 
cooking  ;  (2)  drink.  {B)  Sanitary  :  (1)  personal  ablution  ;  (2)  cleansing 
of  clothing  and  home ;  (3)  as  a  vehicle  for  sew^age.  If  all  of  these 
needs  are  summed  up,  probably  from  12  to  15  gallons  per  day  may 
be  considered  as  a  fair  minimum.  For  all  purposes,  however,  m  a 
manufacturing  town,  where  much  water  is  necessarily  employed, 
in  addition  to  the  foregoing  allowance  for  such  requirements  as  animal 
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nutrition  and  cleansing  and  for  municipal  purposes   as  cleansing  of 
streets  and  courts,  fire-extinction,  fountains,  public  baths  and  wash- 
bouses,  urinals,  etc.,  a  larger  daily  allowance  is  necessary,  and  the 
amount  to  be  aimed  at  should  not  be  less  than  30  to  35  gallons  per 
head  dailv  ;  for  although  a  certain  allowance  per  head  may  be  calcu- 
lated from  the  total  amount  of  water  which  leaves  tbe  reservoirs,  it 
does  not  necessarUy  prove  that  such  quantities  are  available  to  the 
consumers,  because  of  waste  from  leaking  mams  and  service-pipes, 
defective  house  water-fittings,  and  from  wilful  waste     Ijideed,  tJie 
amount  o£  average  waste  has  been  reckoned  to  be  from  i  to     or  even 
a  larger  proportion,  of  the  total  supply  from  these  combined  causes. 
Parkes'  estimate  of  the  supply  needed  per  head  per  day,  on  the  average 
of  all  towns,  is  as  follows  ^^^^^^^^ 
Domestic  supply  (without  baths  or  closet)  .        .  =12 
General  baths  ^  r 

Water-closets  Z  o 

Unavoidable  waste         .        .        .        •        •  —6 

Total  house-supply    .        .        •        •  =25 
Town,  and  trade-purposes,  and  for  animals  in  non- 
manufacturing  towns          .        .        •  =5 
For  exceptional  manufacturing  towns       .         .  =5 


Total 


=  35 


The  daily  amount  per  head  available  in  different  towns  varies  con- 
siderablv.  In  London,  the  average  amount  is  28  gallons ;  m  Liver- 
pool 30";  in  Paris,  31 :  in  Edinburgh,  42  ;  in  Glasgow,  50  ;  m  Rome  100 ; 
and  in  New  York,  300 ;  while  in  many  towns  it  is  less  than  20  gallons. 

Distribution  of  W ater- Supply. hen  populous  places  are  to  be 
supphed  from  natural  or  artificial  upland  collections  of  water,  the 
relative  altitudes  of  source  of  supply  and  area  of  distribution  become 
of  considerable  importance,  since  if  by  gravity  the  water  will  flow 
from  the  source  to  the  highest  point  of  distribution,  mechanical  agencies 
can  be  dispensed  with  and  money  will  be  saved.    Loch  Katrine  is  367 
feet  above  sea-level,  and  Mugdock  Reservoir,  to  which  the  water  is  led 
from  the  Loch  and  which  is  about  six  miles  from  the  city  of  Glasgow, 
317  feet.    This  relative  difference  of  altitude,  however,  cannot  always 
be  secured,  especially  if  the  area  of  distribution  covers  a  hilly  tract  of 
f'round.  In  Glasgow,  for  example,  one  district  at  least  cannot  be  supplied 
by  gravity  for  this  reason,  and  therefore  an  auxihary  pumping-station 
has  had  to  be  provided  to  drive  the  water  to  a  reservoir  situated  higher 
than  the  houses  to  be  supplied  in  that  district.    The  following  figure 
illustrates  a  gravitation  water-supply.    (Fig.  47.) 

The  water-supply  of  Manchester  comes  from  Lake  Thirlmere  in 
Cumberland,  that  of  Liverpool  from  deep  wells,  from  Rivmgton,  and 
from  Lake  Vyrnwy  in  Wales,  and  that  of  Birmingham  from  the  water- 
sheds of  the  rivers  Elan  and  Claerwen,  also  in  Wales. 

From  the  source  the  supply  may  be  either  constant  or  intermittent. 
This  must  be  determined  by  the  relation  of  available  amount  of  water 
in  the  reservoirs  to  the  quantity  required  in  the  area  of  distribution  : 
if  it  be  abundant  and  greater  than  is  needed,  the  supply  should  be 
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constant ;  if,  on  the  othor  liand,  there  be  little  margin  to  spare,  it 
will  probably  be  intermittent.  The  intermittent  system  of  supply 
offers  certain  objections  :  first,  it  involves  the  need  for  erection  of 
storage-cisterns  in  houses  wherein  sufficient  water  is  stored  against 
the  period  in  the  twenty-four  hours  when  the  main-supply  is  cut  off. 
Such  cisterns  are  often  sources  of  water-pollution  from  dirt,  dead 
animals  as  mice,  rats,  beetles,  etc.,  from  plaster,  or  from  coal-gas,  etc., 
if  they  are  not  covered.  Second  :  owing  to  the  main-pipes  being 
alternately  full  and  empty,  there  is  risk  of  contamination  from  sewage, 
sewage-gas,  or  coal-gas,  by  reason  of  the  in-suction  at  leaking  points. 
These  risks  are  substantial.  It  has  been  urged  that  this  system,  how- 
ever, has  certain  advantages — viz.  (1)  there  is  less  waste ;  (2)  the 
water-fittings  in  houses  need  not  be  so  strong.  While  the  former 
may  be  true,  it  is  difficult  to  see  the  force  of  the  latter,  except  with 
respect  to  the  water- fittings  from  the  house  cistern,  since  the  pressure 
within  the  main-pipes  and  the  service-pipes  does  not  depend  upon  the 
constancy  or  intermittency  of  the  supply,  but  upon  the  relative  altitudes 
of  source  and  point  of  distribution ;  in  other  words,  upon  the  head 


Fiii  47  _To  illustrate  Water-Supply  by  Gravitation.  n  =  source  of  supply— a  lake 
or  reservoir  ;  6  =  line  of  piping  under  pond  or  lake  ;  c,  d  =  fountains,  to  illustrate 
height  to  which  the  water  will  rise;  e  =  storage  cistern  or  reservoir  ;/=  point 
of  distribution,  and  limit  to  which  water  will  rise. 

of  water.  The  great  advantages  of  the  constant  system  are  :  (1)  the 
prevention  of  contamination  in  the  main-pipes,  since  the  pressure 
acts  from  within  outwards,  and  (2)  the  avoidance  of  need  of  house- 
cisterns,  with  the  attendant  risks  of  contamination.  Upon  one  occasion, 
by  reason  of  continued  ill-health  of  the  inmates  of  a  house,  we  examined 
the  water-supply,  and  in  the  house-cistern,  which  was  situated  m  a 
dark  apartment  containing  bath  and  water-closet,  we  found  the  de- 
composing bodies  of  two  rats  and  one  mouse,  in  addition  to  dirty  plaster. 
On  analysis  of  the  water,  the  existence  of  excess  of  free  and  albummoid 
ammonia,  organic  matter,  and  nitrates  showed  that  not  onlv  was 
pollution  present,  but  that  it  had  continued  for  some  time.  Ihere 
is  one  unavoidable  drawback  in  the  constant  system,  and  that  is,  when 
the  water  is  cut  off  owing  to  repairs  in  mams,  scanty  supphes  from 
drought,  or  other  reasons.  In  such  contingencies  as  the  former,  notice 
is  usually  given  by  the  water-companies  when  possible,  so  that  water 
may  be  stored  for  the  time  being.  Upon  the  whole,  therefore,  the 
aim  should  be  abundance  of  quantity,  a  constant  supply,  and  ti-ee 
access,  public  and  private,  to  sources  of  supply.  r  j-    ,  • 

Plumbo-Solvent  Aclion.—y^dt^v^  differ  as  to  their  power  of  dissolving 
lead,  according  to  their  composition.  Soft  waters,  generally,  ha.ve 
a  plumbo-solvent  power,  due  to  the  gases,  oxygen  and  carbomc  acid, 
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wHch  they  contain  in  solution.  But  this  statement  must  be  received 
Z\th\ reservation.  If  a  t^^)ical  soft  water,  as  that  of  Loch  Katrine, 
L  exper  mented  ^^^11  be  found  that  it  readily  and  freely  at  acks 

a  br'ight  "ntarnished  surfaee  of  lead  piping,  but  that  xt  does  no  attack 
a  dull,  larnished  surface.  Therefore,  Avhen  it  is  dec  ared  that  Loch 
■  Katrine  water  dissolves  lead,  that  statement  must  be  held  to  be  only  true 
of  untarnished  lead  pipes,  and  not  of  tarnished.  It  is,  doubtless,  for 
tts  reason  that  lea/poisomng  is  not  prevalent  in  ^la^g- -^^^ 
bouihood.  Waters  containing  excess  of  ch  orides,  mtiates,  nitrites 
and  organic  matter  also  dissolve  the  metal.  Such  orgamc  matter 
IS  iisimltv  composed  of  peaty  products.  Certam  waters  of  Lancashire, 
?oXi^S,  and  Derbyshire  derived  from  moorland  gathering-grounds 
exercise  this  action  distinctly,  and  syi^ptoms  of  kad^poisomng  have 
appeared  in  the  consumers.  On  investigation,  it  was  behaved  to  arise 
from  the  presence  of  ulmic,  humic,  cremc,  and  apocrenic  acids  in  the 
peaty  organic  matter.  Neech,  of  Halifax,  m  a  report  t^o  the  Health 
Committee  of  that  town  in  February  1901,  pointed  out  that  its  water- 
supply  exercised  a  marked  lead-dissolvmg  action.  He  found  that 
when  the  acidity  of  the  water  was  1-01,  the  amount  of  ^^d  <iWved 
in  one  horn-  was  0-56  parts  per  100,000,  when  the  acidity  fell  to  0-7  the 
Sssolved  lead  also  fell  to  0-18  parts  per  100,000.  He  found  that  b> 
addina  lime  to  the  filtering-beds  at  the  reservou'S  to  the  extent  ot 
80  to  90  grains  per  gallon,  the  acidity  of  the  water  was  reduced  to  0-dl, 
and  the  dissolved  lead  to  0-037  parts  per  100,000,  which  amount  he 
beUeves  to  be  within  the  limits  of  safe  use.  i      n    i     j  + 

Robertson,  medical  officer  of  health  of  Birmingham,  has  declared  at 
an  inquiry  held  there  that  the  water  of  that  city  had  an  effect  upon  lea(l 
If  a  lead-lined  kettle  filled  with  water  was  allowed  to  stand  on  the  hob 
all  night,  and  was  boiled  in  the  morning,  the  water  would  contain  lead 

lu  the  urban  district  of  Aberdare,  Wales,  lead-poisonmg  prevailed 
more  or  less  every  year,  and  in  1908  six  deaths  were  certified  as  due  to 
poisoning  from  lead  contained  in  the  drinking  water.  The  waters  from 
several  of  the  storage-reservoirs  on  being  examined  were  tound  to  be 
acid  in  reaction  and  to  be  capable  of  dissolvmg  lead  i  he  water 
authorities  were  recommended  to  treat  the  water  with  chalk,  and 
accordingly,  in  1908,  a  chalk  plant  was  installed.  This  treatment  has 
proved  successful,  the  recent  analysis  showing  that  the  water,  which 
before  contained  /^th  grain  per  gallon,  is  now  lead-free. 

This  acidity  of  water  as  a  main  cause  of  lead-dissolving  action 
seems  to  be  corroborated  bv  various  facts.  For  example,  after  the 
long  drought  of  1887,  during  which  the  reservoir-supply  of  ^^effidd 
fell  much  below  normal,  and  when,  therefore,  it  was  believed  that  the 
water  contained  these  acids  in  abnormally  high  proportion,  a  severe 
outbreak  of  lead-poisoning  took  place,  which  subsided  on  the  water 
beinc  restored  to  its  usual  level  by  rainfall.  Some,  however,  are  inclined 
to  doubt  the  above  explanation  as  the  cause,  and  are  more  inclined 
to  attribute  the  action  to  the  work  of  micro-organisms.  However, 
the  fact  remains  that  such  waters  do  dissolve  lead. 

It  is  certain  that  peaty  waters  in  some  localities  exercise  this  action, 
and  that  others  in  other  localities  do  not.  The  interesting  question 
then  arises :  What  constituents  exist  in  these  waters  which  determine 
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the  dift'crence  of  action  ?  This  has  not  yet  been  definitely  established : 
but  there  is  some  gi'ound  for  believing  that  the  presence  or  absence  of 
silica  is  a  factor  of  importance.  One  thing  is  quite  clear,  that  if  a 
water  possessing  this  power  of  plumbo-solvent  action  be  filtered  through 
a  bed  containing  a  proportion  of  silica,  as  where  crushed  granite  is  used 
as  a  separate  layer  below  sand,  or  if  a  small  quantity  of  silica  be  added 
to  the  water,  the  plumbo-solvent  action  disappears.  It  does  not  appear 
to  us  that  solution  of  lead  by  potable  waters  is  referable  solely  to  one 
cause,  but  that  the  main  cause  probably  is  acidity  of  the  water  in  the 
service-pipes.  The  presence  of  a  minute  quantity  of  lead,  even  to  the 
amounts  of  Y^th.  to  -^th  grain  per  gallon,  is  a  serious  matter,  seeing  that 
lead  is  a  cumulative  poison,  and  if  this  were  discovered  in  a  prelimi- 
nary investigation  into  suitable  waters  for  a  new  supply,  it  would 


Fig.  48.— Water-pipes  gnawed  by  Rats.  The  pipe  on  the  left  is  1  inch  in  diameter,  and 
-1th  of  an  inch  in  thickness.  The  other  is  2  inches  in  diameter  and  -fifths  of  an  inch  in 
thiclfness.   (In  possession  of  Author.) 

rightly  necessitate  rejection.  But  if  this  property  is  only  discovered 
after  the  works  are  in  operation,  instant  steps,  by  filtration  especially 
and  by  other  means,  must  be  taken  to  rid  it  of  this  power.  Probably 
the  use  of  freshly  slaked  lime,  or  broken  limestone  incorporated  in  the 
filter-bed,  or  the  use  of  block-tin  or  glass-lined  house-pipes,  or  even 
wrought-iron  pipes,  where  the  water  is  not  subjected  to  filtration, 
would  produce  the  desired  effect. 

Hard  waters  also  attack  lead  by  reason  of  the  excess  COg  which 
they  contain,  but  the  salts  of  lead  which  are  formed  are  insohible,  and 
therefore  innoxious. 

One  of  the  most  valuable  contributions  to  the  subject  of  lead-poison- 
ing and  water-supplies  is  that  by  Houston,^  which  deals  with  moorland 
waters  in  regard  to  their  action  on  lead.  The  reason  of  the  inquiry 
was  the  prevalence  of  lead-poisoning  in  certain  populous  centres  in 
1  Thirtieth  Annual  Report  to  Local  Govei-nment  Board,  England,  1900-1901. 
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I'ualand  which  were  traced  to  lead- contaminated  water.i  the 
Supplement  to  the  twenty-third  annual  Report  the  results  of  the  m- 
Muiiies  of  Drs.  Thomson  and  Berry  on  this  subject  are  referred  to. 
"ouston's  report  dealt  with  the  records  of  observations  made  at  moor- 
ud  gathering-areas  selected  at  Burnmoor  at  typical  pools  and  springs 
id  of  mixed  water  in  streams  and  reservoirs  in  regard  to  their  cJiemicai 
Lpiu-ities  and  lead-dissohdng  power;  as  well  as  fi'om  the  records  ot 
„sen^ations  from  the  moorland  gathering-grounds"  of  23  waterworks 
Lancashire  and  Yorkshire,  borough  and  lu-ban.    Out  of  58  reservoirs 
Kiimined  by  Houston,  no  fewer  than  35  contained  acid  water  possessing 
Umibo-solvent  properties.    The  chemical  tests  employed  m  the 
ivestigation  were  {a)  Hardness,  by  Clark's  soap  test,  {b)  Reaction, 
(,  )  Icidity,  and  [d)  Plumbo-solvent  power.    The  reaction  was  qualita- 
tively found  by  an  alcoholic  solution  of  lacmoid  (0-2  gramme  of  lacmoid 
aissolved  in  100  c.c.  of  10  per  cent,  alcohol).    The  test  was  to  add  to 
U)  c  c  of  the  water-sample  a  few  drops  of  this  indicator  :  if  the  merest 
trace  of  acid  reaction  existed  in  the  sample,  the  purphsh-blue  colour 
f  the  lacmoid  solution  became  changed  to  a  red  colour.    If  a  water 
responded  to  this  reaction,  the  amount  of  acidity  was  then  estimated 

.iiiantitatively  by  titrating  100  c.c.  or  more  of  the  water  against 
solution  of  sodium  carbonate,  phenolphthalein  (0-5  gram  in  100  c.c.  of 
oO  per  cent,  alcohol)  being  used  as  indicator.  The  use  of  phenolphthalein, 
It  must  be  observed,  is  open  to  objection  when  used  as  an  isolated 
observation,  bat  the  objection  loses  force  when  that  indicator  is  used  tor 
periodic  examinations  of  the  same  water.  For  the  estimation  ot  plumbo- 
solvency,  washed  lead  shot  was  used,  the  water  to  be  examined  being- 
allowed  to  filter  upwards  through  the  shot.  The  filtered  water,  collected 
m  50  c  c.  quantities,  was  tested  for  lead  by  ammomum  sulphide,  and 
the  amoimt  of  lead  dissolved  found  by  testing  the  colour  produced 
a<Tainst  lead-free  distilled  water  to  which  had  been  added  the  reqmsite 
amount  of  a  standard  solution  of  lead  acetate  (1-66  grams  of  lead  acetate 
per  litre)  of  which  1  c.c.  =  1  milligram  of  lead. 

The  following  facts  emerged  from  the  inquiry  :  (1)  Moorland  gather- 
ing-grounds of  water-supplies  are  usually  rich  in  peat ;  (2)  Moist  peat 
vas "'invariably  found  to  yield  an  acid  reaction;  (3)  The  water  from 
peat  is  always  acid,  the  amount  depending  upon  the  amount  of  peat 
and  the  length  of  time  the  water  has  been  in  contact  with  it ;  (4)  Acid 
Nvater  dissolves  lead,  and  the  degree  of  plumb o- solvency  is  mainly 
regulated  by  the  amount  of  acidity ;  (5)  Moorland  spring-water  is 
usually  neutral,  and  not  infrequently  has  slight  acid-neutralismg 
power;  (6)  Neutral  waters  do  not  dissolve  lead  appreciably;  (7) 
Moorland  supplies  commonly  combine  both  classes  of  water  ;  (8)  Rain- 
water is  usually  neutral,  but  in  certain  gathering- grounds  is  slightly 
acid ;  (9)  Water  derived  from  rocks  rich  in  iron  pyrites  is  usually  acid, 
and  attacks  lead ;  (10)  During  dry  weather,  and  especially  toward  the 
end  of  a  period  of  drought,  moorland  supplies,  being  then  chiefly  of 
spring  origin,  are  usually  neutral ;  (11)  During  wet  weather,  and  especi- 
ally after  storms  of  rain,  moorland  supplies  are  much  more  acid,  and 

1  See  Supplement  to  Twenty-Third  Annual  Report  of  Local  Government  Board. 
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especially  so  immediately  after  a  spell  of  drought ;  (12)  Neutral  waters 
sometimes  act  upon  bright  {i.e.,  untarnished)  lead  by  erosion,  due  to 
dissolved  oxygen.  Loch  Katrine  water  does  so  readily,  but  does  not 
attack  tarnished  or  oxidised  lead. 

In  order  to  discover  what  was  the  originating  cause  of  the  acidity 
of  peaty  water,  Houston  carried  out  some  bacteriological  investigations, 
and  he  succeeded  in  isolating  certain  micro-organisms  from  peat  which 
were  found  in  their  growth  to  possess  the  power  of  developing  acid 
which  produced  plumbo-solvency,  when  cultivated  in  a  sterile,  neutral 
decoction  made  solely  from  peat. 

The  remedies  for  the  prevention  of  plumbo-solvency  which  he  pro- 
posed were  the  following: — (o)  eliminating  from  the  reservoirs  w-ater 
draining  from  specially  peaty  areas  ;  (b)  providing  "  leaping-weirs  " — 
contrivances  which  automatically  reject  the  first  washings  of  peat 
after  periods  of  drought ;  (c)  neutraUsation  of  acidity  by  adding  to  the 
surface  of  the  sand  filter  a  thin  layer  of  slaked  lime,  and  beneath  the 
sand,  a  layer  of  limestone,  and  the  subsequent  addition  of  a  trace  of 
sodium  carbonate  to  the  neutral  filtered  water. 

Outbreaks  of  lead-poisoning  from  water-supplies  are  wide-spread. 
In  1906,  the  medical  ofiicer  of  health  of  Pontypridd  reported  that  lead- 
poisoning  was  very  prevalent  among  the  inhabitants  of  the  district. 
Samples  of  the  water-supply  submitted  to  analysis  showed  un- 
mistakably the  presence  of  lead.  Two  samples  from  houses  showed 
that  whereas  at  6  a.m.  they  contained  0-31  grain  of  lead  per  gallon, 
samples  taken  at  6.15  a.m.  contained  0-17  grain  per  gallon.  Some 
eighteen  months  before  this  in  Merthyr  and  diflterent  parts  of  the 
Rhondda  valley,  dissolved  lead  was  found  in  the  water  samples  var}ing 
in  amount  from  -O-l  to  -0142  grain  per  gallon.^ 

In  1905,  in  a  particular  district  of  Vienna,  several  cases  of  lead-poison- 
ing were  discovered.  The  domestic  water-supply  of  that  city  comes 
from  glaciers  and  snowfields  in  the  Alps  some  116  miles  from  the  cit^ 
Investigation  showed  that  the  source  of  the  poison  w^as  lead  contamed 
in  the  water-pipes  serving  that  district.  The  pipes  m  use  are  coated 
inside  with  tin,  and  some  are  composed  of  a  compound  of  lead  and 
tin  A  main-pipe  had  burst  in  the  form  of  a  leakage,  and  the  source 
of  the  leakage  had  been  repaired  by  lead  soldenng,  the  water  thus 
coming  in  contact  with  metaUic  lead.  Altogether,  3,76i  analyses  w^ere 
made,' of  which  more  than  3000  showed  the  water  to  be  lead-free,  but 
in  abovit  100  samples  there  was  found  one  milligram  of  lead  per  litre, 
in  50  samples,  two  parts  per  million,  and  in  25  samples,  three  parts  per 
million  The  inquiry  revealed  that  the  contact  of  the  water  with  six 
inches  of  pure  lead  was  sufficient  to  make  the  water  unfit  for  human  use 

At  Saddleworth,  in  1907,  an  outbreak  of  plumbism  was  observed 
which,  it  was  said,  was  due  to  the  water  supplied  by  the  Ashton  Joint 
Waterworks  Committee.  This  water  is  acid  from  decomposing  peat, 
and  hence  exercises  a  plumbo-solvent  action  on  the  lead  service-pipcs. 
The  medical  officer  of  health  reported  that  hardly  a  day  passed  without 
reports  of  lead -poisoning  being  sent  to  him.^ 

1  B.M.J. ,  vol.  ii.,  1906,  p.  730. 

2  B.M.J.,  vol.  i.,  1905,  p.  1297. 
a  Med.  Press,  vol.  i.,  1907,  p.  26. 
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An  interesting  case  of  lead-poisoning  alleged  to  have  had  its  origin 
111  electrolysis  of  water-pipes  has  been  reported  by  Roberts. ^  A  man 
livinc  in  a  cottage  was  found  to  be  suffering  from  undoubted  symptoms 
,,f  plunibism.    Examination  of  the  drinking-water  proved  it  to  contain 

0  U  ^rain  of  lead  per  gallon,  and  to  be  slightly  turbid  in  appearance. 
The  water  to  the  cottage  was  supplied  by  a  water-company  which 

applied  a  large  area.    The  water  purveyed'  by  the  company  is  obtained 
;  oni  a  deep  well  in  the  chalk,  is  of  high  organic  purity,  and  its  original 
otal  hardness  14°,  which  is,  however,  reduced  to  6°  before  delivery 
ro  consumers.    The  service-pipes  were  of  lead.    The  water  was  not 
known  to  possess  any  plumbo-solvent  property.    To  discover  the 

1  ause  in  this  case,  a  piece  of  the  lead  service-pipe  to  the  cottage  was 
ut  out  and  examined.    On  its  interior  were  patchy  lumps,  which 

proved  to  be  of  lead  carbonate.    These  projected  about  one-eighth 
,if  an  inch  above  the  internal  surface  of  the  pipe,  and  were  easily  de- 
:iched  by  bruising  them  with  the  finger.    The  cottage  in  question  was 
rhe  entrance-lodge  to  a  large  house  about  200  yards  off.    Midway  be- 
tween was  an  electric-light  station,  which  supplied  the  large  house 
but  not  the  cottage.    The  Water  Company's  engineer  was  of  opinion 
rhat  the  cause  of  the  lead  in  the  water  was  electrolysis  caused  by  a  leak 
from  the  electric  cable.    The  leak  amounted  to  1-8  volts,  an  amount 
iifficient  to  cause  electrolysis.    The  lead  service-pipe  to  the  cottage 
trora  the  main— about  150  yards  in  length— having  been  examined  at 
\  arious  points  in  that  length,  it  was  found  to  be  most  affected  near  the 
ottage.    Samples  of  water  from  other  houses  in  the  neighbourhood, 
acluding  one  from  a  cottage  a  few  yards  only  from  the  electric  station, 
vere  found  on  examination  to  be  lead-free.    It  did  not  appear  to  the 
!  ecorder  of  the  foregoing  facts,  nor  does  it  seem  to  us,  that  the  explanation 
is  completely  satisfactory. 

Zinc-poisoning,  also,  is  not  unknown.  At  page  631,  vol.  i.,  some  cases 
■vill  be  found  recorded  as  having  occurred  abroad  under  circumstances 
vhere  the  supply  of  drinking-water  was  collected  from  the  rainfall  on 
_'alvanised-iron  roofs.  Such  conditions  are  not  likely  to  occur  fre- 
'  [uently  in  this  country. 

Another  enemy  of  water-pipes  is  rats.  These  rodents  will  attack 
iiipes  in  their  quest  for  water,  and  for  the  same  reason  are  often  found 
'Irowned  in  cisterns.  The  accompanying  figure  illustrates  pipes  in 
our  possession  which  have  been  gnawed  through  by  rats.    (Fig.  48.) 

Iron  pipes,  like  lead  pipes,  are  liable  to  oxidation,  both  externally 
md  internally.  The  rust  which  forms  in  the  interior  ofiera  a  series 
of  nuclei  or  foci  for  the  deposition  of  organic  matter  and  mineral  matter 
in  suspension,  until  sooner  or  later,  diminution  in  rate  of  flow  is  produced 
hy  the  lessened  calibre.  The  interior  of  water-mains  and  service-pipes 
of  iron  ought  to  be  coated  either  with  Angus  Smith's  composition 
(resin,  oil,  pitch,  etc.)  or  by  Barff's  process,  which  causes  a  layer  of 
magnetic  oxide  to  be  formed  on  the  interior  of  the  pipe.  The  former, 
however,  for  many  months  after,  imparts  a  distinct  tarry  taste  to  the 
water. 

Supervisory  Control  of  Wateu-Supi'LIks. — At  the  outset,  it 
must  be  said  that  the  total  water-supplies  of  cities  and  towns  in  the 

1  B.M.J. ,  vol.  1.,  100(3,  p.  130. 
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kingdom  arc  in  the  hands  either  of  Local  Autliorities  or  of  piivate  com- 
panies ;  that  by  far  the  bulk  of  them  are  in  the  hands  of  the  former ; 
and  that  of  the  latter,  there  are,  so  far  as  we  know,  but  four  in  all  Scot- 
land, whereas  in  England  the  number  is  much  greater,  there  once  being 
eight  in  London  alone.  Supervisory  control  is  necessary  whether  the 
water-company  be  the  municipality  or  a  private  company,  but  it  has 
been  suggested,  for  different  reasons,  that  in  the  case  of  private  com- 
panies there  should  be  greater  freedom  of  access  to  Sanitary  Authorities 
and  water-consumers  upon  the  lands  of  the  water-company  for  the 
purposes  of  inspection  and  taking  samples,  if  desired,  than  at  present 
obtain.  Supervisory  control,  therefore,  divides  itself  into  two  kinds, 
viz.  :  (1)  that  which  the  vendors  of  the  water  ought  to  take  for  the  purity 
of  the  water  sold  to  consumers ;  and  (2)  that  which  the  consumers 
ought  to  have  for  their  protection  where  there  is  reason  to  believe  the 
vendors  are  neglectful. 

I.  The  nature  of  the  supervisory  control  on  the  part  of  the  vendors 
ought  to  include  the  following,  viz.  : — 

(a)  A  knowledge  of  the  original  character  and  natural  history  of 
the  water-supply ; 

(6)  Inspection  of  the  source,  collecting-grounds,  and  works,  which 
should  be  periodic,  systematic,  continuous  ;  and 

(c)  Chemical  and  bacteriological  examination  of  samples  of  the 
water  taken  from  various  points  of  the  system,  at  regular, 
short  intervals. 

Under  the  first  head  would  be  included  not  only  amount,  quality 
as  to  hardness  or  softness  and  power  of  plumbo-solvent  action,  but 
also  the  fauna  and  flora  of  the  water.  When  such  data  are  known, 
any  alterative  additions  may  the  more  easily  be  detected  in  the 
subsequent  periodic  examinations.  The  appearance  of  certain  low 
forms  of  vegetable  life  affords  indices  of  change.  BerUn,  for  example, 
had  to  abandon  the  water  from  wells  sunk  near  the  Tegeler  Lake  by 
reason  of  the  development  of  Crenothrix ;  and  the  integrity  of  the 
Rotterdam  supply  was  imperilled  for  some  time  for  the  same  reason. 
This  vegetable  organism  best  thrives  in  the  presence  of  organic  matter 
and  protoxide  of  iron,  and  it  imparts  to  a  water  a  disagreeable  odour 
and  taste.  The  unexpected  presence  of  Beggiatoa  alba  in  an  Irish  water- 
supply,  rendering  as  it  did  the  water  turbid,  was  found  to  be  due  to 
decomposing  water-plants  in  the  reservoir.  Mez  ^  in  his  work  on  the 
microscopic  examination  of  water  has  done  much  to  give  insight  mto  the 
import  of  the  presence  of  such  organisms.  _  _ 

Waters  may  develop  special  appearances,  characteristics,  and  pro- 
perties from  protean  forms  of  life  present  in  them.  In  America,  certain 
forms  of  Infusoria  have  been  found  to  impart  a  fishy  odour  to  water, 
as  Uroqlena  Americana.  A  fresh-water  sponge,  Spongilla  fluvialdis, 
caused  the  water  of  Boston,  U.S.A.,  in  1878  to  acquire  a  cucumber 
odour.  Volvox  globator  gives  water  a  fishy  odour  and  taste  ;  Bursaria 
qastris,  an  odour  of  sea-weeds;  Asteriondla  and  Tahdkma—hoWi 
diatoms— an  aromatic  odour  ;  a  fresh-water  alga.  Conferva  hombycina, 
in  July,  1891,  caused  the  water  of  Bolton,  Lancashire,  to  ac(iuirc  a 
fishy  odour  and  a  taste  of  stale  fish ;  Cham  foetida  imparts  a  fetid 
1  Mikroskopische  Wasser analyse,  Berlin,  1898. 


WATEE  AND  WATEE-SUPPLY 


197 


,  idour.  The  unfiltered  water  of  Lake  Vyrnwy  supply  to  Liverpool 
was  found  to  contain  a  gelatinous  thread  organism,  belonging  to  the 
Cladothrix,  Leptothrix,  and  Crenothrix  group,  which  possessed  the 
power  of  dissolving  and  absorbing  iron,  and  depositing  it  as  oxide. 
Its  presence,  indeed,  compelled  the  Liverpool  Corporation  to  filter 
that  supply  because  of  the  deposits  which  it  had  commenced  to  cause 
to  be  formed  on  the  interior  of  the  main  pipes,  which,  in  turn,  reduced 
the  water-delivering  power  of  the  mains.  The  presence  of  Becjgiatoa 
•Jha  or  any  member  of  that  family  in  a  prospective  source  of  water- 
supply  ought  to  be  taken,  generally,  as  an  evidence  of  sewa,ge-pollution. 

Under  the  second  head,  it  may  be  said  that  however  intimate  may 
be  the  character  of  the  examination  of  water,  ocular  inspection  of  the 
-sources  of  supply  cannot  be  omitted.  By  it  the  grosser  forms  of  poUu- 
:  ion  may  be  detected  in  their  inception.  There  can  be  no  reasonable 
doubt  that  if  systematic  inspection  of  the  gathering- grounds  of  many 
of  the  supplies  which  have  given  rise  to  epidemics  of  enteric  fever 
had  been  in  operation,  such  would  either  have  altogether  been  prevented, 
or  the  effects  of  pollution  at  least  minimised.  It  is  only  necessary 
ro  quote  from  the  report  of  Mr.  Percy  Adams  regarding  the  cause  of 
he  Maidstone  epidemic  to  show  this.  In  speaking  of  the  condition 
of  the  springs  from  which  the  supply  came,  he  said  that  one  of  them 
was  situated  "  about  50  yards  from  a  privy  which,  at  the  time  of  our 
visit,  was  in  a  disgraceful  condition,  a  large  deposit  of  fseces  decomposing 
and  flooding  the  ground  with  its  constituents,  and  in  too  close  proximity 
the  very  superficial  source  or  gathering- ground ;  and,  taking  into 
■  onsideration  the  very  heavy  rainfall  in  August  [the  epidemic  began  in 
September],  must  have  been  very  widely  distributed  over  the  sur- 
rounding area."  Again,  in  1898  attention  was  called  to  the  conditions 
of  the  water-supply  of  Aberdeen,  which  is  taken  from  the  river  Dee. 
Upon  investigation  it  was  found  that  a  spout  of  sewage  was  entering 
the  aqueduct  at  the  rate  of  about  700  gallons  per  day,  and,  in  addition, 
within  10  feet  of  the  aqueduct  there  was  a  cesspool  and  an  area  of 
>e wage-saturated  soil.  In  like  manner  may  be  discovered  manurial 
-ontamination  from  arable  land,  carcases  of  dead  animals,  and  other 
uross  pollutants.  Such  inspection,  therefore,  must  be  regular,  system- 
die,  and  especially  in  the  case  of  deep  wells  and  springs,  minute. 

The  only  absolute  protection  against  possible  pollution  of  gathering- 
grounds  is  control  over  the  gathering-grounds,  by  municipal  water- 
puiveyors  purchasing  the  rights  over  the  water-shed  against  erection 
•)f  houses  or  other  buildings  within  the  water-shed.  Glasgow  paid  a 
^um  of  £17,000  for  the  rights  over  the  Avater-shed  of  the  Loch  Katrine 
supply,  and  the  corporations  of  Liverpool,  Manchester,  and  Birmingham 
have  likewise  paid  large  sums  of  money  for  the  like  purpose. 

Chemical  Analysis  and  Bacteriological  Examination  are  both  de- 
manded in  the  examination  of  potable  waters.  They  are  comple- 
mentary of  each  other.  Chemical  methods  have  their  limitations, 
hence  they  ought  to  be  supplemented  by  bacteriological  methods  ;  the 
former  can  perfectly  detect  inorganic  sulDstanccs  suspended  or  dissolved 
in  water,  but  opinion  derived  from  them  in  respect  of  organic  matters 
is  as  likely  to  be  wrong  as  right.  This  must  be  considered  as  having 
special  bearing  upon  individual  analyses  ;  it  does  not  apply  so  forcibly 
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when  systematic  analj'scs  at  short  stated  intervals  cover  a  long  period. 
If  we  start  from  the  fact  that  water-borne  diseases  are  rnicrobic  in 
causation,  the  need  for  determining  the  presence  or  absence  of  specific 
organisms  becomes  not  only  evident  but  urgent.  Their  detection  may 
be  difficult,  but  it  is  none  the  less  desirable.  In  all  cases,  therefore, 
where  the  original  source  of  supply  is  liable  to  be,  or  is  actually  known 
to  be,  contaminated,  bacterioscopic  investigation  cannot  be  neglected, 
but  should  continuously  be  employed  for  testing  the  efficiency  of  filtra- 
tion. A  well-defined  plan  and  exactness  of  method  of  bacteriological 
examination  of  water  should  now  be  formulated,  as  has  been  done  for 
chemical  examination.  A  committee  of  bacteriologists  was  appointed 
by  the  American  Public  Health  Association  to  formulate  such  a  scheme 
of  examination,  and  they  reported  in  1898  that  certain  tests  should  be 
applied  to  all  micro-organisms  found  in  water,  viz.  :  (1)  Source  and 
Habitat ;  (2)  Morphological  characters ;  (3)  Biological  characters,  with 
reference  to  (a)  cultural  characteristics,  (b)  bio-chemical  features,  and 
(c)  pathogenesis.  They  further  recommended  the  adoption  of  (]) 
uniformity  of  methods  of  preparation  of  culture  media,  and  their  range ; 
(2)  uniformity  of  reaction  of  media,  according  to  a  test  scale  detailed 
in  the  report ;  and  of  many  other  important  points.  Such  a  scheme  and 
lines  of  uniform  procedure  might  well  be  considered  by  bacteriologists 
in  this  country  for  bacteriological  examinations  of  water,  as  were 
laid  down  by  the  Society  of  Public  Analysts  for  chemical  examination. 

It  is  absolutely  essential,  in  the  case  of  waters  derived  from  known 
polluted  sources  and  which  have  to  be  subjected,  therefore,  to  careful 
continuous  filtration,  that  the  results  of  the  filtration  shoidd  be  checked 
by  regular  bacterioscopic  examination  of  the  filtered  water.  This  is 
done,  for  example,  by  the  Metropolitan  Water  Board  of  London,  which 
has  eight  waterworks  under  its  control  supplying  daily  two  hundred 
million  gallons  to  six  and  three-quarter  million  persons.  These  water- 
works derive  their  water  from  three  sources  of  raw  supply  and  from 
numerous  deep  wells,  and  most  have  filter-beds.  All  the  works  are 
visited  five  times  each  week  and  samples  collected  from  the  separate 
filter-wells  in  rotation,  the  samples  being  taken  in  sterilised  bottles 
which  are  packed  in  ice  for  transmission  to  the  laboratory.  During 
November,  1905,  for  example,  the  waters  of  the  Thames,  the  New 
Eiver,  and  the  Lee  were  each  examined  bacteriologically  over  twenty 
times,  and  800  samples  were  taken  from  the  filter-beds,  while  -41:  samples 
of  the  unfiltered  water  from  the  Kent  wells  were  also  examined,  thus 
making  in  all  for  November  alone  about  1000  samples.  The  method 
of  bacterioscopic  examination  as  carried  out  by  Houston,  the  director 
of  water  examinations,  is  as  follows  : — (1)  Estimation  of  total  number 
of  bacteria  per  c.c.  which  grow  on  nutrient  gelatine  at  20°  to  22°  C.  ; 
(2)  Examination  for  the  B.  coli  communis,  as  evidenced  by  a  colony 
producing  acid  and  gas  when  cultivated  in  a  medium  containing  peptone 
glucose  and  bile  salts  (taurocholate  and  glycocholate  of  soda),  when  a 
pure  culture  of  a  coli-like  bacillus  ferments  glucose,  and  when  such  a 
colony  produces  [a)  fluorescence  in  broth  containing  neutral  red,  (b)  acid 
and  gas  in  lactose  peptone  cultures,  (c)  indol  in  peptone  water,  and 
{d)  acidity  and  clotting  in  litmus  milk.  These  last-named  collective 
results  being  formulated  in  the  mnemonic  word  "  flaginac"  from 
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fl  =  fluorescence,  a  =  acid,  g  =  gas,  in  =  indol,  and  ac  =  acidity 

lud  clotting.  ^  ^         .  . 

Examination  is  also  made,  (3)  for  spores  of  B.  entenUdis  sporogenes 

^ ^^The  chemical  examination  consists  of  quantitative  estimations  of  {a) 
ammoniacal  nitrogen,  (6)  albuminoid  nitrogen,  (c)  oxidised  nitrogen, 
(d)  chlorine,  and  (e)  absorption  of  oxygen  from  permanganate  of  potash. 

Houston  has  reached  the  conclusions  that  the  presence  of  streptococci 
in  a  water  is  indicative  of  very  recent  pollution,  the  presence  of  B.  coh 
communis,  of  comparatively  recent  pollution,  and  that  the  presence  ot  B. 
enteriiidis  sporogenes  does  not  indicate  necessarily  pollution  from  recent 
vaimal  evacuations  ;  that  streptococci  are  absent  from  10  c.c.  or  more, 
B.  coli,  from  1,  10,  or  100  c.c.  or  more,  and  B.  enteritidis  sporogenes,  from 
100  c.c.  to  500  c.c.  or  more,  of  pure  waters  ;  and  that  it  is  not  necessary 
to  demonstrate  in  a  polluted  water  the  definite  presence  of  pathogenic 
organisms  in  order  to  prove  that  there  is  danger  in  drinking  such  water. 

"it.  The  Supervisory  Control  on  the  part  of  the  Consu)ners.—Com- 
plaints  have  from  time  to  time  been  made  that,  owing  to  want  of  enforce- 
ment of  their  powers,  private  water-companies  fail  in  their  duty  to 
the  consumers  to  conserve  the  purity  of  their  supplies ;  that  Local 
Authorities,  whose  districts  are  supplied  by  water  from  such  companies, 
have  no  executive  powers  in  protecting  their  ratepayers  against  pollution 
of  supply,  have  no  right  of  entry  to  the  gathering-grounds,  reservoirs, 
or  works,  cannot  take  samples,  and  have  no  means  of  satisfying  them- 
selves that  the  area  of  reservoir-storage  is  ample  enough,  or  that  the 
purification  processes  are  efficient,  or  are  efficiently  used  for  supplying 
a  pure  water.    It  has  been  urged  that  if  such  powers  were  granted, 
the  companies  would  be  apter  to  enforce  their  powers  against  pollution, 
that  epidemics  of  water-borne  diseases  would  diminish  in  number, 
and  that  greater  benefit  would  accrue  to  the  public  health.   But  it 
must  be  pointed  out  that  private  water-companies  are  performing 
the  duty  which  municipal  or  urban  authorities  might  themselves  have 
been,  nay  perhaps,  ought  to  have  been,  performing  all  the  time  ;  and, 
further,  that  even  now,  a  Local  Authority,  or  a  group  of  Authorities,  can 
relieve  itself  of  its  undesirable  position  by  purchasing  the  undertaking 
from  the  company,  under  section  51  of  the  English  Public  Health  Act, 
or  under  section  126  of  the  Act  of  Scotland.    This  depends,  of  course, 
upon  a  willing  buyer  and  a  willing  seller,  upon  the  desirability  or  un- 
desirability  of  purchase  of  existing  works,  and  upon  other  factors.  But 
so  long  as  the  present  position  remains,  right  of  reasonable  access  to 
water-works  belonging  to  private  companies  ought  to  be  possessed  by 
Local  Authorities  of  the  areas  of  supply.    This  view  has  commended 
itself  to  the  English  Local  Government  Board,  which  has  drawn  up 
Certain  clauses  for  future  legislation  as  follows  : — 

Clauses  suggested  by  Local  Government  Board  of  England  for  the 
Protection  of  Sources  of  Water-Supply." 

Penalty  for  Failure  to  supply  Pure  and  Wholesome  Water  (10  Vict.  cap.  17). — 
1.  If  the  Company  fail  to  provide  and  keep  such  a  supply  of  pure  and  wholesome 

1  B.M.J.,  21st  Dec.  1901. 
=  Report  by  the  Med.  Officer,  Local  Gov.  Board,  Appendix  B.,  No.  8,  1900. 
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water  as  is  required  by  section  35  of  the  Waterworks  Clauses  Act,  1847,  tlioy 
shall,  uialoss  prevented  by  frost,  ujiusual  drought,  or  other  unavoidable  cause  or 
accident,  be  Uable  for  the  first  offence  to  a  penalty  not  exceeding  £20,  and  to  a 
penalty  not  exceeding  £5  for  every  day  on  which  the  offence  is  continued  after 
conviction  ;  and  such  penalties  may  be  recovered  sunnnarily  before  a  Petty 
Sessional  Court. 

2.  Any  offence  under  this  section  may  be  prosecuted  by  any  Local  Author- 
ity acting  in  the  execution  of  the  Public  Health  Acts  in  any  part  of  whose  dis- 
trict the  Company  supply  water  for  domestic  purposes. 

3.  All  penalties  recovered  imder  this  section  shall  be  appUed  in  such  manner 
as  the  Court  may  direct. 

Power  to  take  Samples  of  Water. — 1.  For  the  better  enforcement  of  the  pro- 
visions of  section  35  of  the  Waterworlcs  Clauses  Act,  1847,  any  medical  officer  of 
health  or  other  person  authorised  by  a  Local  Authority,  acting  in  the  execution 
of  the  Public  Health  Acts  for  any  districts  in  any  part  of  which  water  is  suppUed 
by  the  Company  for  domestic  purposes  (producing,  if  required,  a  certificate  of 
his  personal  authority  signed  by  the  clerk  to  the  Local  Authority),  shall  be 
entitled  at  any  time,  on  giving  not  less  than  six  hom-s'  notice  to  the  Company, 
to  take  and  carry  away  samples  of  water  from  any  land,  reservoir,  work,  build- 
ing, filter-bed,  main-pipe,  stand-pipe,  or  stop-cock  of  the  Company  from, 
through,  or  by  wliich  a  supply  of  water  is  given,  and  may  for  that  purpose  enter 
upon  any  lands  or  premises  of  the  Company.  Any  person  who  obstructs  or 
molests  such  medical  officer  of  health  or  other  person  authorised  as  afore- 
said, shall  be  liable  to  a  penalty  not  exceeding  £20  for  each  such  offence  ; 
and  such  penalty  may  be  recovered  siunmarily  before  a  Petty  Sessional 
Court. 

2.  Any  water  consruner  may  at  any  time,  on  giving  such  notice  as  aforesaid, 
take  and  carry  away  samples  of  water  from  any  land,  reservoir,  work,  building, 
filter-bed,  main-pipe,  stand-pipe,  or  stop-cock  of  the  Company  from,  through, 
or  by  which  a  sixpply  of  water  is  given,  and  may  for  that  purpose  enter  upon 
•any  lands  or  premises  of  the  Company. 

3.  Any  samples  shall  be  taken  in  triplicate,  and  shall  forthwith  be  respect- 
ively sealed  up  and  marked  by  the  person  taking  the  same,  who  shall  leave  one 
of  such  samples  with  the  Company,  or  an  officer  or  other  agent  of  the  Company, 
and  may  submit  another  for  examination,  if  he  thinks  fit,  and  shall  retain  the 
third  for  futm'e  comparison  if  required. 

4.  The  Company  shall  be  entitled  to  be  represented  by  an  officer  or  other 
agent  when  the  samples  are  taken,  sealed  up,  and  marked. 

5.  For  the  pm-poses  of  this  section  "  water  consimier  "  means  any  person 
who  is  supplied  by  the  Company  with  water  for  domestic  piu-poses,  or  who 
pays,  or  is  hable  to  pay,  any  rate  for  such  a  supply. 

Pollution  of  Sources  of  Supply. — 1.  For  the  better  discovery  of  any  pollution 
of  the  water  obtained  or  supplied  by  the  Company,  anj^  officer  of  the  Company 
authorised  in  that  behalf  by  the  Company,  and  any  medical  officer  of  health  for 
any  district  whereof  any  part  is  supplied  by  the  Company  with  water  for 
domestic  purposes,  authorised  in  that  behalf  by  the  Local  Authority  for  such 
district,  may  at  any  time  between  the  hours  of  nine  in  the  forenoon  and  four  in 
the  afternoon,  on  producing,  if  required  so  to  do,  a  certificate  of  his  personal 
authority  signed  by  the  secretary  of  the  Companj'  in  the  case  of  an  officer  of  the 
Company,  or  by  the  clerk  to  the  Local  Authority  in  the  case  of  the  medical 
officer  of  health,  enter  on  any  lands  or  premises  from  which  the  water  is 
obtained  or  supplied,  whether  immediately  or  otherwise  by  the  Company,  and 
may  take  and  can-y  away  samples  of  any  water  or  of  any  matter,  substance, 
or  liquid  which  may  appear  likely  to  cause  pollution  to  the  water  of  tlie 
Company,  or  whereby  such  water  may  be  fouled. 

2.  Any  samples  shall  be  taken  in  triplicate,  and  shall  forthwith  be  respec- 
tively sealed  up  and  marked  by  the  person  talcing  the  same,  who  shall  leave  one 
of  the  samples  vdth  the  person  having  custody  of  the  premises,  and  may  submii 
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^mother  for  examination,  if  ho  thinks  fit,  and  shall  retain  the  third  for  future 
comparison  if  required.  .     „       7        j  j- 

Power  to  enter  Lands  and  Premises  for  the  purpose  of  taking  Samples  and  dis- 
covering Catises  of  Pollution.— I.  If  any  water  consumer,  autliorised  by  section 
■2,  or  any  person  authorised  by  or  imder  section  3,  to  take  and  carry  away 
samples  or  to  enter  on  any  lands  or  premises  is  refused  permission  so  to  do,  any 
justice  havmg  jm-isdiction  in  the  place  where  the  land  or  premises  is  or  are 
situate,  on  complaint  thereof  on  oath  by  such  person  (made  after  reasonable 
notice  in  witing  of  the  intention  to  make  the  same  has  been  given  to  the  person 
having  custody  of  the  premises)  may,  on  reasonable  cause  being  shown,  by 
n-der,  require  such  person  to  admit  the  person  authorised  as  aforesaid  upon  the 
premises  dm-ing  the  hom-s  mentioned  in  the  order,  and  to  permit  and  give  all 
iaciUties  to  him  to  take  and  carry  away  such  samples  as  aforesaid. 

2.  Any  order  made  imder  this  section  shall  continue  in  force  imtil  the  pur- 
poses for  which  such  order  was  made  are  completed  ;  and  any  person  who 
refuses  to  obey  an  order  so  made  shall  be  hable  to  a  penalty  not  exceeding  £5 
tor  each  such  offence,  such  penalties  to  be  recovered  smnmarily  before  a  Petty 
Sessional  Coiu't. 

Law  Respecting  Water- Supplies 

England  and  Wales 
The  law  is  contained  in — 

(ffi)  Public  Health  Act,  1875  :  Sections  51-70,  and  175  ; 
(6)  PubUc  Health  (Water)  Act,  1878  :  Sections  3-10  ; 

(c)  Local  Government  Act,  1894  ;  Sections  8  and  25  ; 

[d)  Waterworks  Clauses  Act,  1847. 

L  PubUc  Health  Act,  1875. 

Section  51.  Provides  that  any  Urban  Authority  may  provide  their  district  Local  Aiithori- 
or  part  thereof,  and  any  Rural  Authority,  their  district  or  any  contri-        Water-^ '  ' 
butory  place  therein,  or  any  part  of  such  contributory  place,  with  a  Siipply. 
supply  of  water  proper  and  sufficient  for  public  and  private  purposes, 
and  may — 

(1)  Construct  and  maintain  waterworks,  dig  wells,  and  do  any  other 
necessary  acts  ;  and 

(2)  Take  on  lease  or  hire  any  waterworks,  and  (with  the  sanction  of 
the  Local  Government  Board)  purchase  such  waterworks  or  any  water 
or  right  to  take  or  convey  water  either  within  or  without  their  district, 
and  any  rights,  powers,  and  privileges  of  any  water -company  ;  and 

(3)  Contract  with  any  person  for  a  supply  of  water. 

Section  52.  Enacts  that  the  Local  Authority  (L.  A.),  before  commencing  to  Construction  of 
construct  waterworks  within  the  limits  of  supply  of  any  water-company  ^^^^.[g^jjJi.^.Jj^^^^ 
empowered  by  Act  of  ParUament  to  supply  water,  shall  give  written  supplied"  by 'a  " 
notice  to  such  water  company,  stating  the  purposes  and  extent  to  which  Water-Gompauy. 
water  is  required  by  the  L.  A. 

It  sliall  not  be  lawful  for  the  L.  A.  to  construct  such  waterworks  if  and 
so  long  as  any  water-company  is  able  and  willing  to  supply  a  proper  and 
sufficient  amount  of  water  for  all  reasonable  purposes  to  such  L.  A.  ; 
any  differences  between  the  L.  A.  and  the  water-company  to  be  adjusted 
by  arliitration  in  maimer  provided  by  this  Act. 
Section  53.  At  least  two  months  before  commencing  to  construct  any  Construction 
reservoir  (other  than  one  which  will  hold  not  more  than  100,000  gallons),  of  Ro.servoir.s. 
the  L.  A.  must  give  notice  by  advertisement  in  one  or  more  local  news- 
papers circulated  in  the  district  where  the  reservoir  is  to  be  constructed. 
If  any  person  objects  to  such  construction,  he  must  give  notice  in  writing 
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L.  A.  to  keep 
piu'e  and  whole- 
some water  in 
waterworks  and 
at  suitable  pres- 
sure in  pipes. 


Power  to  L.  A. 
to  require  houses 
to  be  supplied 
witli  water  iu 
certain  cases. 


Details  the 
powers  of  a 
Water-Company 
lor  supplying 
Water  to  Local 
Authority. 

All  waterworks 
for  gratuitous 
supply  of  water 
to  be  vested  in 
and  maintained 
by  Local 
Authority. 

Local  Authority 
may  supply 
gratuitous  water 
to  public 
baths,  etc. 

May  erect 
necessary  works 
for  same. 


Legal  action 
against  pollu- 
tion of  water- 
courses by 
sewage. 


of  such  objection  to  the  L.  A.  within  said  two  months,  and  tlie  work  sliall 
not  be  proceeded  with  without  the  sanction  of  the  L.  G.  B.  after  inquiry 
lield  by  said  L.  G.  B.,  or  unless  sucli  objection  is  withdrawn. 

Tlie  L.  G.  B.,  in  the  case  of  objection  liaving  been  made,  may  hold  an 
inqniry  on  application  of  L.  A.,  on  the  spot  by  an  iiispector,  who,  after 
receiving  the  report  of  the  inspector,  may  allow  or  disallow  by  order 
such  scheme,  or,  if  allowed,  with  or  without  modifications. 
Section  54.  Gives  power  of  carrying  mains  for  supply. 

Section  55.  Enacts  that  L.  A.  shall  provide  and  keep  in  any  waterworks 
belonging  to  them  a  supply  of  pure  and  wholesome  water,  and  at  such 
pressure  in  the  pipes  as  will  enable  the  water  to  rise  to  the  top  storey  of 
the  highest  dwelling-place  within  the  district  supplied. 

Section  56.  Gives  power  to  L.  A.  to  charge  water-rates  and  rents. 

Section  57.  Incorporates  the  Waterworks  Clauses  Act,  1863,  and  certain 
provisions  of  the  Act  of  1847  of  same  title. 

Section  58.  Empowers  L.  A.  to  supply  water  to  consumers  by  measure. 

Section  59.  Enacts  that  the  registers  of  meters  are  to  be  taken  as  evidence 
of  amoimt  of  water  consumed. 

Section  60.  Enacts  a  penalty  for  injuring  water-meters. 

Section  61.  Empowers  L.  A.,  with  consent  of  L.  G.  B.,  to  supplj'  water 
to  adjoining  districts  ;  any  dispute  arising  to  be  settled  by  arbitration. 

Section  62.  On  report  of  surveyor  of  L.  A.  that  any  house  within  their  district 
is  without  a  proper  supply  of  water  and  that  such  house  can  be  fimiished 
therewith  at  a  cost  not  exceeding  the  water-rate  authorised  by  the  local 
Act,  or,  in  the  absence  of  any  local  Act,  at  a  cost  not  exceeding  twopence 
per  week,  or  at  such  other  cost  as  the  L.  G.  B.  may,  on  application  of  L.  A., 
determine  as  reasonable  imder  all  the  circmnstances,  the  L.  A.  may  require 
the  owner  of  such  house  to  supply  a  sufficient  supply  of  water  within  a 
time  to  be  specified  in  the  order.  In  the  event  of  the  owner  failing  to 
comply  with  the  terms  of  the  order,  the  L.  A.  is  empowered  to  have  the 
work  done  and  to  recover  the  costs  of  the  same,  the  expenses,  and  the 
water-rates  from  the  owner  summarily. 

Section  63.  The  water-company,  by  special  resolution  of  its  members,  in 
the  case  of  a  company  registered  under  the  Companies  Act,  1862,  or  by  a 
resolution  passed  by  three  f  oi^u-ths  of  its  members  in  the  case  of  a  company 
not  so  registered,  may  contract  to  supply  water  or  lease  their  waterworks 
to  any  L.  A. 

Section  64.  Vests  all  public  cisterns,  pumps,  wells,  reservoirs,  aqueducts 
and  any  other  works  used  for  the  gratuitous  supply  of  water  to  the 
inhabitants  of  the  district  in  and  imder  the  control  of  the  L.  A.,  and  such 
L.  A.  may  cause  the  same  to  be  maintained  or  may  substitute  and  main- 
tain and  plentifully  supply  with  pure  and  wholesome  water  other  such 
works  equally  convenient. 

Section  65.  Empowers  L.  A.  to  supply,  when  deemed  fit  and  proper,  water 
to  public  baths  and  wash-houses,  and  for  trading  and  manufactiuing 
processes  ;  and  L.  A.  may,  if  they  deem  fit,  construct  any  works  for  the 
gratuitous  supply  of  water  to  such  public  baths  and  wash-houses. 

Section  66.  Enacts  that  the  L.  A.  shall  institute  fire-plugs  and  all  necessary 
works  and  machinery  for  an  efficient  supply  of  water  in  case  of  fire,  and 
shall  paint  or  mark  on  buildings  and  walls  of  streets  such  designs  as  wiW 
indicate  position  of  such  fire-plugs,  etc. 

Section  68.  Enacts  penalties  against  any  who  pollute  water-supplies  by  gas- 
wasliings. 

Section  69.  Empowers  L.  A.,  with  sanction  of  Attorney-General,  either  in 
their  own  name  or  in  the  name  of  a  consenting  person,  to  take  proceed- 
ings for  the  purpose  of  protecting  any  watercourse  from  pollutions  arising 
from  sewage,  either  witliin  or  without  their  district. 

Section  70.  Empowers  L.  A.  to  close  polluted  wells,  tanks,  cisterns,  public 
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or  private.  The  Cotu^  may,  before  deciding  a  cause,  ask  that  the  water  PoYufecTwens 
complained  of  be  analysed.  Section  46  of  the  P.  H.  Acts  Amendment 
Act,  1907,  gives  power  to  a  Local  Authority,  on  the  report  of  the  M.  O.  H., 
to  close  any  well  or  disused  well  which  is  prejudicial  to  health. 
Section  175.  Provides  that  any  L.  A.  may  pmchase,  lease,  sell,  or  exchange 
any  lands  within  or  without  their  district,  and  may  buy  up  any  water- 
mill,  weir,  or  dam  which  interferes  with  the  water-supply  of  their  district. 

Purchase  may  be  made  by  voluntary  arrangement,  or  by  compvdsion, 
in  which  latter  case  the  Lands  Clauses  Consolidation  Acts,  section  176, 
is  included  or  incorporated  in  this  Act.  (See  also  Lands  Clauses  Act, 
1845,  section  6,  and  Settled  Land  Act,  1882,  sections  3  and  58.) 

II.  Public  Health  (Water)  Act,  1878. 

Section  3.  Enacts  that  it  is  the  d\ity  of  a  Riu-al  Authority  to  provide  and  Rural  Anthonty 
require  provision  of  a  sufficient  water-supply  to  every  occupied  dwelling-  |:°qP™e  sufficient 
house  witliin  their  district  which  has  within  reasonable  distance  an  avail-  water-supply 
able  supply  of  wholesome  water,  and  at  a  reasonable  cost,  not  exceeding  ^^^^ 
a  capital  smn  the  interest  on  wliich  at  the  rate  of  5  per  cent,  per  annum 
would  amovmt  to  twopence  per  week,  or  at  such  other  cost  not  exceeding 
a  capital  simi  the  interest  on  wliich  at  the  same  rate  would  amount  to 
threepence  per  week. 

Sertion  4  Gives  right  of  appeal  by  owner  in  the  case  of  above  demand  on  Right  of  appeal 
c  11      •  J  by  owners  in 

the  folio wmg  gimmds  : —  ^^^^  of  demand 

(1)  That  the  supply  is  not  required  ;  for  .such  supply 

(2)  That  the  time-limit  in  the  order  is  insufficient  to  enable  the  order  to  houses, 
to  be  compUed  with  ; 

(3)  That  it  is  impracticable  to  supply  the  same  at  a  reasonable  cost  ; 

(4)  That  this  duty  ought  to  be  done  by  the  L.  A.  itseK  ;  and 

(5)  That  the  expense  in  whole  or  in  part  of  conforming  to  the  order  of 
the  L.  A.  should  be  a  charge  upon  the  district. 

Notice  of  objections  to  be  lodged  within  21  days,  and  the  cause  to  be  deter- 
mined (1)  by  a  court  of  summary  jurisdiction,  or  (2)  on  order,  after 
memorial,  by  the  L.  G.  B. 
Section  6.  Makes  it  unlawful  for  houses  in  rural  districts  to  be  erected  or  Houses  not  to 
rebtiilt  without  sufficient  water-supply,  imless  it  be  shown  by  certificate  j^p^'bi'nt  without 
by  inspector  of  nuisances  of  the  district  that  a  sufficient  supply  is  pro-  Kufficient  water- 
vided  within  a  reasonable  distance.  reTso'nable'"" 

Section  7.  Enacts  that  it  shall  be  the  duty  of  every  Rvu-al  Sanitary  Authority  Jj'^stai'Ice. 

to  ascertain  from  time  to  time  the  condition  of  the  water-supply  within  Rural  Authority 
XT    •    J-  4.  ■  i  to  ascertain 

theu-  district.  condition  of 

Section  8.  Gives  power,  after  application  of  L.  A-  to  L.  G.  B.,  to  define  s\ipplyiu 
"  reasonable  cost"  under  section  62  of  the  P.  H.  Act,  1875  ;  and  L.  G.  B.  ^^^^nct.^^^  ^ 
may  fix,  by  order,  a  general  scale  of  charges  for  the  whole  or  any  part  of  ^.^  (jgnne  ' 
the  district  of  such  L.  A.  "reasonable 

Section  9.  Empowers  a  L.  A.  to  rate  for  water-supply  by  stand-pipes. 

Section  10.  Gives  power  to  levy  water-rates. 

Note. — According  to  section  3  of  this  Act,  no  owner  can  be  compelled  to 
spend  more  than  £8  13s.  4d.,  or  after  sanction  by  the  Local  Government 
Board,  more  than  £13  as  a  maximum  sum — these  being  the  capital  sums  the 
interest  on  which  at  5  per  cent,  will  yield  twopence  or  threepence  per  week 
respectively — in  providing  a  satisfactory  supply  of  water  to  single  houses  or 
small  groups  of  houses.  The  Local  Government  Board,  moreover,  has  declared 
that  where  an  owner  possesses  a  number  of  cottages,  oven  in  a  row  together, 
the  cost  of  outlay  must  include  the  supply  of  water  to  each  cottage.  Hence 
an  owner  cannot  be  compelled  to  spend  £20  in  digging  a  well  for  three  or  more 
cottages,  unless  the  well  is  so  near  that  each  cottage  is  .supplied  with  its  indi- 
vidual pump.  The  P.  H.  (Water)  Act  would  seem,  therefore,  to  have  failed 
in  its  intention. 
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By  the  Local  Govemmcjiit  Act,  1894, section  8,  a  Parish  Council  is  empowered 
by  agreement  only  to  acquire  any  land,  to  legally  utilise  a  water -source  for  a 
water-supply,  and  to  contribute,  in  whole  or  in  part,  toward  the  cost  of  tl]. 
same.  Should  a  Rural  District  Council  fail  to  provide  water-supplies  for  tlj. 
district  under  their  jurisdiction,  and  should  a  complaint  ho  niaile  by  a  Parisli 
Comicil  to  the  County  Coimcil  on  that  matter,  the  power  of  providing  such 
supply  is  transferred  to  the  County  Council,  who  may  themselves,  or,  in  term- 
of  section  299  of  the  Local  Government  Act,  may  appoint  a  person  to,  can-y 
through  a  scheme. 

Scotland 

The  law  respecting  water-supplies  in  Scotland  is  compreliended  in 
tlie  following  Acts  : — 

(a)  The  Public  Health  (Scotland)  Act,  1897  ;  Sections  124-132. 

(b)  Local  Government  (Scotland)  Acts,  1889  and  1894. 

(c)  Waterworks  Clauses  Acts,  1847  and  1863. 

{d)  Railways  Clauses  Consolidation  (Scotland)  Act,  1845. 
(e)  The  Lands  Clauses  Acts. 

(/)  Burgh  Police  (Scotland)  Act,  1892  ;  Sections  257-269. 
(g)  Burgh  Sewerage,  Drainage,  and  Water-Supply  (Scotland)  Act, 
1901. 


li.  A.  to  require 
owners  to 
obtain  supply 
to  liouses. 


L.  A.  may 

acquire  and 
provide  water 
for  domestic 
supply  and  for 
sanitary  and 
other  purposes. 


1.  Public  Health  (Scot.)  Act,  1897. 

Section  124.  In  the  case  of  burghs  subject  to  the  provisions  of  the  Burgh 
Police  (Scot.)  Act,  1892,  or  having  a  local  Act  for  police  or  other  piu-- 
poses,  notliing  in  thi^s  Act  shall  prejudice  the  provisions  of  any  of  the  said 
Acts  in  regard  to  the  provision  of  a  supply  of  water  for  the  domestic 
use  of  inliabitants  and  for  sanitary  and  other  purposes  ;  pro%aded  that 
in  the  Burgh  Police  Act  and  in  the  Lands  Clauses  Acts  the  term  "  land  " 
shall  include  water  and  any  right  or  servitude  to  or  over  land  or  water. 

Section  125.  In  the  case  of  any  occupied  house  witliin  the  district  of  any 
Local  Authority,  other  than  the  L.  A.  of  a  biu-gh,  being  wthout  a  proper 
supply  of  wholesome  water  at  or  reasonablj'  near  the  same,  the  L.  A. 
shall  require  the  owner  to  obtain  such  supply  and  to  do  all  such  works  as 
may  be  necessary  for  that  purpose.  Failing  to  do  so  within  twelve 
months  after  due  notice,  the  L.  A.  may  themselves  obtain  such  supply 
and  charge  owner  with  costs,  or  in  the  case  of  two  or  more  houses,  may 
apportion  expenses  between  the  owners,  dispute  as  to  apportionment  to 
be  determined  by  Sheriff. 

Nothing  in  this  section,  however,  shall  relieve  the  L.  A.  from  the  duty 
of  providing  their  district  or  any  part  thereof  mth  a  supply  of  water 
where  a  general  scheme  for  such  supply  is  required  and  can  be  carried 
out  at  reasonable  cost. 

The  word  "  house  "  in  this  section  includes  schools,  factories,  and  other 
builcUngs  in  which  persons  are  employed. 

Note. — There  is  no  power  in  this  Act  to  compel  owners  to  introduce  water 
into  houses. 

Section  126.  (1)  The  L.  A.,  if  they  think  it  expedient,  may  acqiure  and 
provide  or  arrange  for  a  supply  of  water  for  the  domestic  use  of  inhabit- 
ants and  for  sanitary  and  other  purposes,  and  for  that  purpose  may 
acquire  and  conduct  water  from  any  lake,  river,  spring,  or  stream, 
may  dig  wells,  make  and  mahitain  reservoirs,  may  purchase,  take  on 
lease,  hire,  construct,  lay  down,  and  maintain  such  water-works,  pipes, 
and  premises,  and  do  all  such  works  as  shall  be  necessary  for  the  afore- 
said purpose,  and  may  themselves  supply  water,  or  contract  or  arrange 
with  any  other  person  to  furnish  the  same.    For  this  purpose  the  L.  A. 
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shall  be  lield  to  have  all  the  powers  and  rights  given  to  and  be  subject 
to  all  the  obligations  imposed  on  promoters  of  undertaldngs  by  the 
Lands  Clauses  Acts  as  amended  by  this  Act. 

Provided,  also,  that  it  shall  not  be  lawful  for  the  L.  A.  to  provide  or 
supply  water  witliin  the  area  which  any  L.  A.,  or  any  company  estab- 
Ushed  by  Act  of  Parliament  or  empowered  by  Provisional  Order,  is 
authorised  to  supply  with  water,  unless  the  L.  A.  shall  previously  have 
purchased  or  acquired  the  undertaking  of  such  L.  A.  or  company. 
]^ote. — There  is  nothing  in  tliis  Act  as  to  provision  of  water  for  fii'e-extinc- 
tion  ;  probably,  however,  the  L.  A.  may  supply  gi'atuitously  water  for  such 
purposes.    The  cost  of  providing  fire-plugs  may  fairly  be  charged  against  the 
.iibUc  health  assessment. 

(2)  The  L.  A.  may,  if  they  have  sm'plus  water  after  fully  providing  for  h.  A.  may,  if 
what  is  required  for  domestic  and  sanitary  piu-poses,  supply  water  from  they 

such  surplus  to  pubhc  baths  and  wash-houses,  or  for  trading  or  manu-  supply  water 
factiu-ing  and  all  other  than  domestic  piu-poses,  on  such  terms  as  may  be  ^j^^j^J^j'^^^^j^^gg 
agreed  upon  between  the  parties  :   provided  that  when  water  is  thus  ^^^'^j  j.^^.  manu. 
supplied  from  such  surplus,  it  shall  not  be  lawful  for  the  L.  A.  to  charge  factming 
the  persons  so  suppUed  both  with  the  portion  of  the  special  water-  purposes, 
assessment  applicable  to  tlie  buildings  suppUed,  and  also  for  the  supply 
of  water  obtained,  but  the  L.  A.  may  do  the  one  or  the  other. 

(3)  The  L.  A.  may  cause  all  existing  pubUc  cisterns,  pirmps,  wells  and  May  supply 
other  waterworks  for  the  gratuitous  supply  of  water  to  inhabitants  to  ^^^sTy  f™* main- 
be  continued,  mauitained,  and  plentifully  supplied  with  water,  or  may  tain  public 
substitute  other  such  works  equally  convenient,  and  may,  if  they  think  cisteius,  pumps, 
fit,  prosdde  and  gratuitously  supply  water  for  public  baths  or  wash-  "^^'^  ^'^  ^■ 
houses  established  otherwise  than  for  private  profit  or  supported  out  of 

the  rates. 

(4)  The  L.  A.  shall  have  the  same  powers  and  be  subject  to  the  same  Power  to  carry 
restrictions  for  carrying  water-mains  within  their  district  as  they  have  ^^!^yj[,j™'Jg\ri(.t 
and  are  subject  to  for  carrying  sewers  within  their  district  by  the  law 

for  the  time  being  in  force. 
Section  127.  Enacts  that  any  person  engaged  in  the  manufactm'e  of  gas,  Pollution  of 
naphtha,  paraffin,  vitriol,  or  dye-stuffs,  or  any  other  deleterious  sub-  {j^'^^-jauufac^^ 
stance,  or  in  any  trade  in  which  the  refuse  produced  in  such  manufacture  tory  products, 
is  used,  who  shall  at  any  time  cause  or  suffer  to  be  brought  or  to  flow 
into  any  stream,  reservoir,  aqueduct,  well,  or  pond,  or  place  for  water, 
constructed  or  used  for  the  supply  of  water  for  domestic  purposes  or 
into  any  pipe  or  drain  commimicating  therewith,  any  product,  washing 
or  other  substance  produced  in  any  such  manufacture,  or  shall  wilfully 
do  any  act  connected  with  any  such  manufactme  whereby  the  water 
in  any  such  stream,  reservoir,  etc.,  shall  be  fouled,  and  any  person  who 
shall  wilfully  do  or  permit  to  be  done  any  act  whereby  the  water  in  any 
stream,  reservoir,  etc.,  constructed  or  used  for  the  supply  of  water  for 
drinking  or  other  domestic  uses  shall  be  fouled,  shall  forfeit  for  every 
such  offence  a  sum  not  exceeding  fifty  pounds. 

Section  128.  Provides  for  the  recovery  of  such  penalty  with  expenses  dm-ing 
continuation  of  offence  or  within  six  months  after  it  shall  have  ceased. 

Section  129.  Provides  for  a  daily  penalty  during  continuation  of  offence. 

Section  130.  Empowers  two  or  more  Local  Authorities  to  combine  for  the  j^oca\  AuthoH- 
purpose  of  executing  or  acquiring  an  interest  in  or  maintaining  any  works  ties  may  com- 
by  this  Act  or  any  other  Act  authorised  in  regard  to  water-supply  that  3,',",",!°^  water- 
may  be  for  the  benefit  of  their  respective  districts. 

Section  131.  Makes  provision  for  establishment  of  water-supply  districts,  special  Water- 
Procedure.  (1)  A  requisition  must  be  sent  to  a  L.  A.  by  a  Parish  Council  Supply  Districts, 
or  by  not  fewer  than  ten  ratepayers  witliin  the  district,  in  writing  ; 

(2)  Such  requisition  must  be  sent  to  a  L.  A.,  not  being  the  L.  A.  of 
a  burgh  ; 
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(3)  On  receipt  of  such  requisition  the  L.  A.  shall  be  bound  to  meet 
after  21  days'  notice,  or  if  the  L.  A.  itself  shall  so  resolve,  it  may  meet 
after  21  days'  notice. 

(4)  The  L.  A.  sliall  at  such  meeting,  whether  a  water-supply  has  been 
provided  or  not,  consider  the  propriety  of — 

(a)  Forming  part  of  their  district  into  a  special  water-supply  district ; 
or 

(6)  Enlarging  or  Hmiting  the  boundaries  of  a  special  water-supply 
district  ;  or 

(c)  Combining  a  special  water-supply  district  with  another  special 

water-supply  district  ;  or 
{d)  Enlarging  or  hmiting  the  boundaries  of  both  or  either  of  such 

special  water-supply  districts,  and  combining  the  same  or  parts 

thereof ;  or 

(e)  Determining  that  any  special  water-supply  district  shall  cease  to 
exist  as  a  special  water-supply  district,  or  that  any  such  com- 
bination shall  cease. 

(5)  The  resolution  of  the  L.  A.  shall  determine  all  questions  regarding 
the  payment  of  any  debt  wliich  may  affect  any  district  or  special  water- 
supply  district,  and  the  right  to  impose  and  the  obhgation  to  pay  any 
assessment  affected  by  such  determination,  and  shall  fix  the  date  at 
which  such  determination  shall  take  effect. 

(6)  Such  resolution  shall  be  published  in  one  or  more  newspapers 
circulating  in  the  district  or  by  posting  handbills  throughout  the  district. 

(7)  A  copy  of  such  resolution  shall  be  sent  to  the  L.  G.  B.,  and  when  the 
L.  A.  is  a  district  committee,  to  the  County  CoimcU. 

(8)  Production  of  such  newspapers  or  handbill  or  a  certificate  imder 
the  hand  of  the  clerk  of  the  L.  A.  shall  be  sufficient  evidence  of  pubhca- 
tion  of  such  resolution. 

(9)  Within  21  days  after  the  date  of  first  pubUcation  of  such  resolution, 
it  shall  be  competent  for  any  person  interested  to  appeal  against  the 
resolution  to  the  Sheriff. 

(10)  The  Sheriff,  not  being  a  Sheriff -substitute  resident  within  the 
district,  may  either  approve  or  disapprove  of  such  resolution.  If  he  dis- 
approve, he  may  either  find  that  no  special  water-supply  district  should  be 
formed,  or  he  may  enlarge  or  limit  the  special  district  &i  defined  by  the 
resolution  of  the  L.  A.  If  he  approve,  he  may  find  that  a  special  water- 
supply  district  should  be  formed,  and  may  define  the  Umits  thereof  ;  or 
he  may  find  that  such  a  special  water-supply  district  or  part  thereof 
shall  be  combined  as  craved,  or  that  such  combuiation  shall  cease,  or 
that  such  district  or  districts  shall,  as  such,  cease  to  exist. 

(11)  The  decision  of  the  Sheriff  shall  be  binding  and  shall  be  final, 
except  where  it  is  pronoimced  by  a  Sheriff-substitute,  in  which  case  it 
may  be  appealed  to  the  Sheriff-principal. 

The  order  of  the  Sheriff  shall  determine  all  questions  regarding  the 
payment  of  any  debt  which  may  affect  any  district  or  special  water- 
supply  district,  and  the  right  to  impose  and  the  obhgation  to  pay  any 
assessments  affected  by  his  determination,  and  shall  fix  the  date  at 
which  such  determination  shall  take  effect ;  a  copy  of  such  order  shall 
be  forthwith  published  in  one  or  more  newspapers  circulating  in  the 
district  or  by  the  posting  of  handbills  throughout  the  district,  and  shall 
be  transmitted  to  the  L.  G.  B.,  and  to  the  Coimty  Council. 

It  shall  not  bo  competent  to  appeal  to  the  Coimty  Council  against  any 
resolution  of  a  district  committee  under  this  section. 

Nothing  in  this  Act  shall  prejudice  the  provisions  of  sub-sections  one 
and  two  of  section  81  of  the  Local  Government  (Scotland)  Act,  1889,  as 
amended  by  the  Local  Government  (Scotland)  Act,  1 894. 
[These  provisions  are  :— Section  81.  With  respect  to  special  drainage 
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districts  or  special  water-supply  districts,  the  following  shall  have 
effect : 

(1)  Wliere  a  special  water-supply  district  ha^  been  formed  in  &ny 
parish  under  the  Public  Health  Acts,  the  District  Committee  may,  sub- 
ject to  regulations  made  witli  consent  of  the  County  Council,  appoint  a 
sub-conunittee  for  the  management  and  maintenance  of  water-supply 
works,  which  sub-committee  shall  in  whole  or  in  part  consist  of  parish 
coimcillors  of  the  parish  or  parishes  in  wliich  the  special  district  is  situated, 
whether  such  parish  coimcillors  are  or  are  not  members  of  the  district 
committee. 

(2)  Where  a  special  water-supply  district  is  partly  withha  a  coimty 
and  partly  witliin  a  bm-gh  or  police  bvirgh,  the  sub-committee,  appointed 
as  aforesaid,  together  with  such  number  of  the  Town  Comicil  or  Pohce 
Commissioners  (as  the  case  may  be)  of  such  burgh  or  poUce  bm'gh  as, 
faiHng  agreement,  the  Secretary  for  Scotland  may  determine,  shall  be 
charged  wath  the  management  and  maintenance  of  the  water-supply 
works  within  such  special  water-supply  district. 

Section  44  (9)  of  the  Act  of  1894  provides  that  the  number  of  a  sub- 
committee appointed  imder  the  previous  section  (section  81)  may, 
failing  agi-eement  between  a  District  Committee  or  County  Council  and  a 
Town  Covmcil  or  Commissioners  of  a  police  burgh,  be  determined  by  the 
Secretary  for  Scotland.] 
Section  132.  Indicates  the  parts  of  the  Waterworks  Clauses  Acts  wliich  are 
incorporated  in  this  Act — viz. 

(a)  The  Act  of  1847,  except  the  provisions  relative  to  the  amoimt  of 
profit  to  be  received  by  the  water -undertakers  when  the  works  are  carried 
on  for  their  benefit,  and  except  certain  words  in  section  44  ; 

(b)  The  Act  of  1863  ; 

(c)  The  provisions  of  the  Railways  Clauses  Consolidation  (Scotland) 
Act,  1845,  relating  to  temporary  occupation  of  lands  near  a  railway 
during  its  construction,  these  provisions  applying  only  in  the  case  of 
any  reservoir,  filter,  or  distributing  tank  which  the  L.  A.  may  be  author- 
ised to  construct,  and  the  works  connected  therewith.  These  sections 
are  25  to  37.  Provided  (1)  that  the  L.  A.  shall  not  be  obhged  to  furnish 
a  supply  of  water  to  any  person  for  any  less  sum  than  five  shillings 
per  annum  ;  (2)  that  no  person  shall  be  entitled  to  demand  such 
supply  of  water  or  to  require  the  L.  A.  to  lay  down  communication- 
pipes,  unless  some  pipe  of  the  L.  A.  shall  have  been  laid  within 
100  feet  of  the  place  for  which  the  water  is  demanded  ;  and  (3)  that 
the  water  to  be  supplied  by  the  L.  A.  need  not  be  constantly  laid  on 
imder  pressure.. 

Section  144.  Empowers  a  L.  A.  to  purchase  any  lands  within  or  without 
their  district,  and  by  agreement  to  take  on  lease,  sell,  or  exchange  any 
lands  within  or  without  their  district  ;  and  to  buy  up  any  water-mill,  dam, 
or  weir  which  interferes  with  the  proper  supply  of  water  to  their  district. 

IL  Burgh  Police  (Scotland)  Act,  1892;  Sects.  257  to  269  inclusive. 

Section  257.  Empowers  Burgh  Commissioners  to  cause  all  existing  public  Burgh  Com- 
cistems,  pumps,  wells,  conduits,  formtains  and  other  waterworks  used  "J!fj'^,'°nj^/^exist^ 
for  the  gratuitous  supply  of  water  to  the  inhabitants  within  the  burgh,  i„g^  ami  may 
unless  the  water  therein  be  found  to  be  dangerous  or  injurious  to  health  provide  now, 
or  imfit  for  dietetic  purposes,  to  be  contained,  maintained,  and  supplied  for'S'^i'atn'itous 
with  water,  or  to  substitute  other  such  works  equally  convenient,  and  to  supply  of  water 
cau.se  the  substituted  works  to  be  so  maintained  and  supplied.    Such  nuf!''r''y'|,'i, 
works  shall  bo  vested  in  the  Commissioners  and  be  imdev  their  manage-  tratPT  to  public' 
ment  and  control.    The  Commissioners  may  construct  and  maintain  baths  and 
any  number  of  new  cisterns,  pumps,  etc.,  for  the  gratuitous  use  of  aiiy  "•"^''■'"O"*"'*'- 
persons  who  choose  to  carry  away  the  water  for  their  own  private  use. 


208 


Commissioners 
may  contract 
lor  snpply 
of  water. 

Arbitration. 


Pire-cocks  to 
be  placed  on 
water-pipes  lor 
purposes  of 
lire-extinction. 


Commissioners 
may  pro\'i(ie 
Burgh  with 
water-supply 
sufficient  to 
maintain  a 
constant  flow  of 
water  requisite 
for  health  of 
inhabitants  and 
amenity  of 
Burgh.  A 
waterworks 
Company  may 
contract  with 
Burgh  for  such 
supply  or  may 
dispose  of  same 
to  Commi.s- 
sioners. 
Commissioners 
not  to  establish 
Waterworks 
within  limits  of 
supply  of  an 
existing  Water- 
Company  with- 
out wTitten 
notice  to  such 
Company ;  nor 
shall  it  be  law- 
ful for  Com- 
missioners to 
construct  water- 
works within 
such  limits  if 
and  so  long  as 
such  Water- 
Company  is  able 
and  willing  to 
supply  sulfi- 
cient  water  for 
needs  of  the 
Burgh. 


Burghs  under 
r)000  inhabitants 
may  ask  Sheriff, 
to  put  in  force 
Jiands  Clauses 
Acts  for  a 
supply  of  water. 


PUBLIC  HEALTH 

but  not  for  sale,  and  may  supply  with  water  any  public  baths  or  wu-li- 
houses. 

Section  258.  Commissioners  may  contract  for  any  period  not  exceeding 
three  years  at  one  time,  with  owners  of  any  waterworks,  or  with  any  other 
person,  for  such  supply  of  water  as  they  may  think  necessary  for  the  pur- 
poses of  this  Act. 

Section  259.  Determines  that  in  case  of  failure  of  agreement  between 
Commissioners  and  such  owners  of  waterworks  as  to  terms  and  price  of 
supply,  that  the  terms  and  price  shall  be  settled  by  arbitration. 
Section  260.  Makes  it  lawful  for  Commissioners,  at  the  sight  of  the  wat«r 
engineer  of  any  water -company  estabUAed  or  to  be  established  within 
a  burgh  or  any  company  or  corporation  actually  supplying  water  -watliin 
the  burgh,  to  place  proper  fire-cocks  upon  the  pipes  at  such  convenient 
distances  from  each  other  and  at  such  places  as  may  be  considered  proper 
for  the  supply  of  fire-engines  when  brought  into  operation,  the  positions 
to  be  arranged  by  the  Commissioners  with  the  directors  of  the  water- 
company.    In  case  of  difference  of  opinion,  such  difference  shall  be  deter- 
mined by  the  Sheriff  whose  judgment  shall  be  final. 
Section  261.  Commissioners  may  provide  a  burgh  with  such  supply  of  wat<  r 
as  may  be  sufficient  and  proper  for  the  purposes  of  this  Act,  and  may 
maintain  such  a  constant  flow  of  water  by  means  of  reservoirs  or  other- 
wise as  may  be  requisite  for  the  health  of  the  inhabitants  or  the  amemty 
of  the  burgh,  and  for  private  use  to  the  extent  required  by  this  Act.  For 
this  purpose  thev  may  contract  with  any  person  whomsoever,  or  purchase, 
take  on  lease,  hire,  construct,  lay  down,  and  maintain  such  reser^'oirs 
and  waterworks,  and  do  and  execute  ah  such  works,  matters,  and  things 
as  shall  be  necessary  and  proper,  including  the  opening  of  streets  pubUc 
or  private,  from  time  to  time,  for  the  purpose  of  laying  down,  altermg, 
or  repau^ing  pipes  therein.    Any  waterworlcs  company  or  owners  or 
lessees  of  reservoirs  may  contract  to  supply  water  for  the  purposes  of 
this  Act  in  any  manner  whatsoever,  or  may  seU  and  dispose  of  or  lease 
their  reservoirs  and  waterworks  to  the  Commissioners.    And  the  Com- 
missioners may  provide  and  keep  in  any  waterworks  constructed  or  laid 
down  by  them  imder  the  powers  of  this  Act,  a  supply  of  pure  and  whole- 
some water,  and  the  water  so  supplied  may  be  constantly  laid  on  at  such 
a  pressure  as  will  carry  the  same  to  the  top  storey  of  the  lughest  dwelhng- 
house  witliin  the  burgh.    And  the  Commissioners  by  means  of  such 
reservoirs  and  waterworfe,  or  either  of  them,  may  mamtam  such  a  con- 
stant flow  of  water  as  may  be  requisite  for  the  health  of  the  mhabitants 

or  the  amenity  of  the  burgh.  ■,    •      j  ™,  ™a+^r 

Provided  always  that  before  constructing  or  laymg  down  any  water- 
works under  the  powers  of  this  Act,  withm  any  Hmits  withm,  or,  m  respect 
of  which  any  waterworks  company  or  water  commissioners  shall  ha^  e 
been  established  for  supplying  water,  the  Commissioners  ^1;*!  gj^^  "^f 
in  writing  to  every  waterworlcs  company,  etc.  And  it  shall  not  be 
lawful  for^he  Commissioners  to  construct  or  lay  down  any  wate-ori.s 
within  such  hmits,  if  and  so  long  as  any  such  company  shall  be  able^and 
.dlhng  to  lay  on  water,  proper  and  sufficient  for  all  ^l^^^^^^^^^^l^^^ 
for  which  it  is  required  by  the  Commissioners  In  ca^e  of  differences 
arising  between  parties,  the  same  shall  be  settled  by  the  ^^^J^  ^Pon 
summary  application  by  either  of  the  parties,  and  the  decision  of  the 

SecS'2S''!iry''^uigh  having  less  than  5000  inhabitants  at  the  dat.  of 
'^  "  t  cen^s,1rSie  Co'mmissioners  resolve  that  in  order  to  obtain  a  supp  y 
fwater  for  the  burgh  it  is  necessary  for  them  to  acquire  "^^^^^^^^ 
than  by  agreement,  may,  instead  of  proceeding  under  tlu,  I'.f ''^  Heal 
■     Acts,  Zenfnt  a  petition  to  the  Sheriff  to  obtam  his  authority  to  put  ,n 
force  the  provisions  of  the  Lands  Clauses  Acts. 
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Section  263.  Enacts  that  service-pipes  shall  be  laid  by  owTiers  of  houses.  ^"'jjj'j^^'^"/ 
Section  264.  No  person  shall  be  entitled,  wdtliout  special  agi-eement  with  owners  of 
the  Commissioners,  to  use  the  water  supplied  through  the  pipes  of  the  houses. 
Commissioners,  except  for  domestic  and  ordinary  pm-poses  ;  but  where  ^^wateJexcept 
there  is  a  supply  more  than  is  required  for  such  domestic  and  ordinary  j-^j.  domostic 
use  within  the  burgh,  it  shall  bo  lawful  for  tlie  Commissioners  to  contract  and  ordinary 
vnth.  any  person  within  the  burgh  to  supply  any  public  baths  and  wash-  ^i"JP°be'*a 
houses,  works,  manufactories,  or  other  premises  within  the  burgh  with  surplus  supply, 
water  at  such  rate  and  upon  such  terms  and  conditions  as  may  be  agreed  }^°"'™p '°y^ 
on.    Differences  to  be  settled  smnmarily  and  determined  by  the  Sheriff,  putno  batlis 

It  shall  be  further  lawful,  in  the  case  where  the  Commissioners  have  a  and  wash-houses 
siu-plus  of  water,  for  them  to  supply  to  Commissioners  or  trustees  of  any  ^"o^.jfa"^',,'^  ships 
harbour,  water  for  the  pm-poses  of  suppljdng  ships  mthin  the  harbour,  with  water, 
and  for  the  purpose  of  extinction  of  fires  on  board  sliip. 
Section  265.  Enacts  that  a  supply  of  water  for  domestic  and  ordinary  Declares  what 
pm-poses  shall  not  include  a  supply  of  water  for  cattle  or  for  horses  or  '^vateToutside 
for  washing  carriages  or  for  steam  engines  or  for  railway  pm-poses  or  for  of  a  supply  for 
warming  or  ventilating  purposes  in  public  buildings  or  for  working  any  g"^®|^y 
macliine  or  apparatus  or  for  any  trade,  manufacture,  or  business  what-  purposes, 
soever,  or  for  watering  gardens  by  means  of  any  tap,  tube,  or  pipe,  or 
other  such-Uke  apparatus,  or  for  fountains,  or  for  flushing  sewers  or 
drains,  or  for  public  baths  or  wash-houses,  or  for  any  ornamental  purpose 
whatsoever. 

Section  266.  Enacts  that  Commissioners  may  erect  and  maintain  in  any  |^°'"™!pgt°ai!d^ 

street  or  public  place  any  ornamental  drinldng  fomitain  or  trough.  maintain  public 

Section  267.  Incorporates  all  the  clauses  and  provisions  of  the  Waterworks  fountains  or 

Clauses  Acts,  1847  and  1863,  and  any  Act  amending  the  same,  with  troughs. 

'  .  '         .  °  Incorporates 

respect  to  the  lollowong  matters — viz.  Waterworks 

(1)  Construction  of  waterworks  ;  Clauses  Acts, 

(2)  Laying  of  communication-pipes  by  inhabitants  ;  and^any  Act^' 

(3)  Waste  or  misuse  of  water  ;  amending  the 

(4)  Provision  against  fouling  of  water  ;  same. 

(5)  Payment  and  recovery  of  rates.  em°™vered"tr 
Section  268.  Empowers  burgh  Commissioners  to  make  bye-laws  regulating  B^ye.iaws 

all  or  any  matters  or  things  whatsoever  connected  with  the  water  to  be  relative  to 
supplied  within  the  burgh  through  their  pipes.  water-supply. 
Section  269.  Enacts  that  the  provisions  of  this  Act  in  respect  to  supply  of  ^-'thTs  Act  not 
water  shall  not  apply  in  the  case  of  any  birrgh  which  is  or  may  be  before  to  apply  to 
31st  December  1894  supplied  with  water  imder  the  powers  of  any  local  ^^J^'er^ 
Act  or  Acts.  Acts!  ^  *^ 

III.  Burgh  Sewerage,  Drainage  and  Water-Supply  (Scotland) 
Act,  1901  (1  Edw.  VII.,  eh.  24). 

This  Act  was  passed  owing  to  the  following  facts:- — Under  the  Public  Health 
ificotland)  Act,  1867,  Burgh  Authorities  could  proceed  to  construct  waterworks 
ind  assess  for  the  same  either  imder  that  Act  or  the  Bvu-gh  Police  Act ;  but 
ii.fter  the  Public  Health  Act  of  1897  was  passed,  complications  arose  regarding 
>he  assessment  owing  to  water-supply  works  in  burghs  being  no  longer  author- 
ed under  that  Act.  The  above  Act  was,  therefore,  passed  to  meet  this, 
n  the  above  Act,  provision  is  made  for  water-assessment  and  sewer-assessment. 
(Che  water-assessment  takes  the  place  in  Burghs  (1)  of  the  Burgh  general  assess- 
ment \mdor  the  Burgh  PoUce  Act,  1892,  so  far  as  that  was  apphcable  to  water, 
tnd  (2)  of  the  water-asses.smont  imdor  the  Public  Health  Act,  1897. 

Tho  rights,  powers,  and  privileges  of  a  Local  Authority  with  T-eferonco  to 
ewerage,  drainage,  and  water-supply  conferred  by  the  Public  Health  Act  of 
i897  on  Local  Authorities  other  than  Burgh  Local  Authorities  are  restored  to  tho 
matter,  with  the  exception  of  the  provisions  in  the  Public  Health  Act  of  1897 
dr  the  formation  of  special  water  and  drainage  districts  as  contained  in  sections 
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122  and  131  respectively  of  that  Act.  These  sections  as  regards  drainage  shall 
not  apply  to  Burghs  in  view  of  tVie  powers  conferred  upon  Burgh  Local  Author- 
ities by  section  218  of  the  Burgh  Police  Act  of  1892,  and  as  regards  water, 
special  water  districts  are  expressly  abolished  by  section  3  of  the  above  Act  of 
1901. 

Under  section  147  of  the  Public  Health  Act,  1897,  the  Local  Government 
Board  are  empowered  to  take  steps,  if  necessary,  to  compel  a  defaulting  Local 
Authority  to  perform  their  duties  under  that  Act  or  "  otherwise  by  law  required 
of  them."  To  strengthen  the  hands  of  the  Local  Government  Board  in  ad- 
ministering the  law  with  reference  to  Burghs  in  the  same  way,  section  147  wu- 
amended  by  this  Act  of  1901  so  as  to  include  Burghs  within  its  scope  in  ad- 
ministering the  provisions  of  the  Burgh  Police  Act  of  1892  ;  the  effect  being 
that  the  Board  have  now  the  power  of  compelling  Burgh  Local  Authorities,  by 
sirmmary  petition,  to  provide  water  and  drainage,  as  the  Board  had  imder 
section  147  in  the  case  of  district  Local  Authorities  or  County  Councils. 


Ireland 

The  law  is  embodied  in  the  Public  Health  (Ireland)  Act,  1879, 
Sections  61  to  79  inclusive,  with  certain  sections  from  the  Lands 
Clauses  Acts,  as  amended  by  the  provisions  of  the  AVorking  Classes 
Act,  1890,  Second  Schedule.  " 

Generally  speaking,  Irish  law  relating  to  water-supply  on  main  lines  differ.? 
in  nothing  essential  with  respect  to  -powers,  but  not  a  httle  in  respect  of  pro- 
cedure from  the  English  Act. 

Under  the  section  deaUng  with  "  power  to  purchase  lands,"  the  Act  for 
Ireland  confers  upon  every  Sanitary  Authority  power  to  acquire  compulsoril\- 
sources  of  water  and  water  way-leaves,  since  the  term  "  land  "  includes  "  any 
land  covered  with  water,  or  any  water,  or  right  to  take  or  convey  water."  B\- 
Provisional  Order,  also,  compulsory  powers  may  be  granted  by  the  L.  G.  B. 
for  the  purchase  of  water-sources  for  water  for  drinking  and  domestic  pirrposes. 

With  respect  to  the  purchase  and  procuring  of  land,  other  than  by  agreement, 
procedwe  is  simplified  by  section  8  which  enacts  that  the  pro^dsions  of  the 
Lands  Clauses  Acts  shall  be  amended  by  the  provisions  of  the  Working  Classes 
Act,  1890,  second  schedule  ;  so  that,  when  plans  for  a  proposed  water-supply 
have  been  lodged  with  the  Local  Government  Board,  an  arbiter  shall  be 
appointed  by  the  Board,  who  shall  hear  and  examine  claims,  and,  thereafter, 
shall  make  his  award,  which  is  final. 

Examination  of  Water  as  to  Purity.— Tlic  complete  examination  of 
a  water  involves  different  lines  of  inquiry — viz. 
(a)  Physical  characters ; 
{h)  Chemical  characters  ; 
(c)  Biological  or  bacteriological  characters. 
(A)  The  physical  examination  includes  (a)  the  presence  or  absence 
of  suspended  matters  ;  (6)  colour ;  (c)  taste ;  (d)  odour ;  (e)  amount 
of  dissolved  gases. 

Suspended  matters  mav  be  discovered  by  holding  a  clear  glass  vessel  contain- 
ing the  water  between  the  eye  and  a  good  light.  To  establish  then-  character 
they  should  be  allowed  to  subside  in  a  conical-shaped  vessel,  pipetted  off.  and 
examined  microscopically  by  dotting  a  series  of  slides  with  the  deposit  Thej' 
may  consist  of  (a)  mineral  matters  ;  (b)  vegetable  debris  or  alga?  ;  (c)  animal 
debris.  The  amount  per  gallon  may  be  estimated  by  filtering  a  given  quantity 
of  water  through  a  tared  filter,  drying,  and  weighing,  and  the  amo^n^f  °* 
mineral  and  organic  matter  respectively  by  igniting  the  deposit  and  hiter- 
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paper,  the  difference  in  weight,  minus  the  ash  of  filter-paper,  being  the  amount  of 
organic  matter,  the  remaiiader  being  the  mineral. 

Colour  is  best  compared  against  an  equal  column  of  distilled  water.  For  this 
purpose,  equal  quantities  of  the  water  and  distilled  water  are  put  in  2  feet  long 
tubes  with  gi-oimd-glass  bottoms,  and  the  observer  looks  down  the  cokimns  of 
water  which  are  held  close  together  against  a  white  surface.  By  this  means 
very  slight  differences  may  be  detected.  All  potable  waters  have  some  measure 
of  colour  compared  with  distilled  water.  They  vary  from  bluish  to  yellowish  or 
hrown  ;  the  former  in  chalky,  the  latter  in  peaty,  waters.  A  greenish  hue  is, 
ipon  rare  occasions,  observed  in  waters,  the  sources  of  which  are  infested  with 
pond-weed,  and  is  due  to  chlorophyll.  Water  of  a  reddish  tint  betokens  iron, 
nhich  is  corroborated  by  the  deposit  of  the  reddish-yellow  oxide  on  the  sides 
;wid  bottom  of  the  original  vessel,  and  at  the  source. 

Taste. — Good,  well-aerated  water  is  palatable,  does  not  possess  any  distinct 
taste,  but  does  possess  something  which  the  sense  of  taste  distinguishes  at  once 
from  a  boiled"  water.  Palatability  may  be  possessed,  however,  by  an  im- 
piu-e  water.  This  palatability  seems  to  depend  largely  upon  the  contained 
atmospheric  gases.  Actual  taste  may  be  imparted  to  a  water  by  contamination 
by  odorous  substances,  or  by  the  presence  of  excess  of  mineral  salts.  Short  of 
niineral  waters  which  possess  distinct  taste,  potable  waters  may  possess  an 
luiusual  amovmt  of  mineral  salts.  Iron  existent  in  quantity  to  one-fifth  grain 
per  gallon  imparts  a  taste  ;  lime  salts,  when  in  quantities  of  10  to  25  grains  ; 
:md  sodium  chloride,  of  75  grains.  The  presence  of  certain  vegetable  organisms, 
;is  Crenothrix,  imparts  a  bitter  taste. 

Odour. — Good  water  has  no  smell.  Certain  mineral  waters  containing 
sulphm-  gases  possess  a  disagreeable  odour  due  to  US.  Ordinary  potable 
water  seldom  possesses  any  odour,  except  when  much  polluted  by  faecal  matter, 
l)y  coal-gas,  or  by  other  odorous  substances,  as  paraffin  products.  We  have 
detected  both  of  these  last  in  waters  analysed  by  us.  The  most  efficient  way 
to  detect  odour  is  to  warm  the  water  in  a  corked  flask,  and  then  by  sniffing  on 
removal  of  the  stopper.    No  water  is  potable  which  has  a  perceptible  odoiu". 

Amoxmt  of  dissolved  gases. — This  investigation  is  carried  out  by  special 
apparatus.  A  well-aerated  water  contains  atmospheric  gases  to  the  extent  of 
20-73  c.c.  volrunes  per  litre.  The  gas  which  in  polluted  water  shows  reduction 
is  oxygen. 

(B)  Chemical  Examinatioit. — ^For  sanitary  purposes  this  resolves 
itself  into  examination  for  (a)  mineral  constituents  ;  (6)  hardness ; 
(c)  cMoricles  ;  ((Z)  ammonia,  free  and  albuminoid  ;  (e)  nitrates  and 
nitrites  ;  (/)  organic  matter. 

Mineral  Constituents. 

(a)  Lime — Quantitative. — A  definite  quantity  of  water  being  taken  (250  c.c), 
armnonia  and  powdered  crystals  of  ammonium  oxalate  are  added  by  stirring. 
After  some  hours,  the  precipitate  is  filtered,  washed,  dried,  weighed,  and  ignited, 
and  the  residue  weighed  as  calcium  carbonate.  The  amovmt  foimd,  coimted  as 
milligrammes  and  multiplied  by  4,  will  give  parts  per  million. 

Qualitative.  The  reagents  are  the  same.  They  will  give  a  distinct  turbidity 
when  lime  is  pre.sent  to  the  extent  of  8  parts  per  100,000  or  5  grains  per  gallon. 

(b)  Magnesia — Quantitative. — Tlie  filtrate  from  the  lime  estimation  may  be 
concentrated  by  boiling,  after  which  sodium  phosphate,  ammonium  chloride, 
and  exces-s  of  ammonia  are  added,  and  the  solution  freely  stirred.  After  stand- 
ing for  24  hour.s,  the  crystalline  ppt.  of  Hmmoniuni-magnosium-phosphato 
(NHjMgPOj)  is  filtered,  the  ppt.  washed  with  ammonia  and  water  from  a 
wash-bottle,  then  dried,  ignited,  and  the  residue  weighed  as  magnesium  pj'i'o- 
phosphate  (MgOj)  P2O,.  The  triple  phosphate  being  soluble  to  some  extent  in 
water,  it  is  customary  to  add  1  milligramme  for  every  50  c.c.  of  washings. 
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Qualitative, — Tho  reagents  are  the  same. 

(c)  Iron — Quantitative. — Tliis  is  best  estimated  coloriraetrically.  Reagents 
necessary  :  (1)  A  standard  solution,  made  up  of  4-96  grammes  of  ferrous- 
sulpliate  per  litre,  of  wliich  1  c.c.  is  equivalent  to  1  milligramme  of  iron  ;  (2) 
Solution  of  potassium  sulphocyanido,  5  gi-ammes  in  100  c.c.  distilled  watei-  : 
(3)  Niti'ic  acid,  30  c.c.  strong  acid  to  100  c.c.  distilled  water.  Into  Ne.sski 
glasses  place  an  equal  quantity  of  (a)  water-sample,  and  (6)  distilled  water  r< 
spectively  ;  to  (a)  add  5  c.c.  of  nitric  acid  solution,  to  oxidi.se  ferrous  into  ferric 
iron,  and  then  add  15  c.c.  of  solution  of  potassium  sulphocyanide.  If  iron  be 
present,  a  beautiful  rose  colour  will  develop.  Into  the  glass  (6)  put  one  or 
more  c.c.  of  the  standard  iron  solution,  with  equal  quantities  of  the  other  re- 
agents as  in  (a),  until  the  colours  are  exactly  matched  ;  that  is,  until  they  con- 
tain equal  quantities  of  iron.  Since  it  is  known  what  amount  has  been  added, 
calculation  will  show  amount  present  per  100,000  parts  of  water. 

Qualitative. — Ammonium  sulpliide  causes  the  water  to  become  of  a  darker 
colour,  due  to  iron  sulphide,  but  this  disappears  on  addition  of  some  drops  of 
dilute  HCl.  ■  ■ 

(d)  Lead — Quantitative. — This  may  be  estimated  colorimetrically.  Re- 
agents necessary  :  (1)  A  standard  solution  of  lead  nitrate  or  acetate,  made  by 
dissolving  1-6  of  nitrate  or  0-1831  graimnes  of  acetate  per  Utre  of  freshly  distilled 
wa.ter,  of  which  1  c.c.  is  eqviivalent  to  one  milligramme  of  lead  ;  (2)  Clear 
sulphm-etted  hydrogen  water.  Equal  quantities  of  water-sample  and  distilled 
water  are  placed  in  Nessler  glasses,  and  1  c.c.  of  HjS  water  added  to  sample.  If 
lead  be  present  the  water  will  become  darkened  (seen  by  looking  tlirough  colvimn 
of  water  against  a  white  ground).  This  colour  must  be  matched  in  the  other 
glass  by  adding  sufficient  standard  lead  solution,  but  the  same  amount  only  of 
the  other  reagent  as  in  the  former  glass.  Calculation  will  bring  out  parts  per 
100,000  or  in  any  other  proportion. 

Qualitative. — HjS  gives  the  same  reaction  qualitatively,  the  colour  being  un- 
changed on  addition  of  dilute  HCl,  but  the  chloride  is  thrown  down,  which  dis- 
solves on  boiling  the  mixture.  Solution  of  chromate  or  iodide  of  potassium 
gives  a  faint  yellow  turbidity  in  presence  of  minute  quantities  of  lead. 

(e)  Copper — Qualitative. — This  is  a  rare  constituent  of  natural  waters.  If 
suspected,  however,  a  few  drops  of  ammonium  sidpMde  should  be  added.  If, 
on  addition  of  dilute  HCl,  the  dark  colom"  does  not  disappear,  it  may  be  due  to 
either  lead  or  copper.  To  a  fresh  part  of  water,  and  after  addition  of  XHiHS, 
add  solution  of  potassimn  cyanide  ;  if  copper,  the  dark  colour  will  disappear. 

Quantitative. — If  copper  be  foimd  quaUtatively,  it  may  be  estimated 
quantitatively  as  for  iron  or  lead,  by  vising  a  standard  solution  of  copper  sulphate 
made  by  dissolving  3-93  grammes  of  that  salt  per  litre  of  water,  of  wliich  1  c.c.  is 
equivalent  to  1  milligramme  of  copper. 

(/  )  Zinc. — Is  sometimes  foimd  m  waters  after  standing  for  some  time  in 
galvanised  vessels,  or  in  those  collected  from  zinc-galvanised  roofs.  Such  have 
been  recorded  from  Llanelly,  Wales,  the  Malay  Peninsula,  and  other  places.  In 
the  latter-named  place,  the  quantity  of  zinc  foimd  amounted  to  1-115  parts  per 
100,000,  and  in  the  former  to  about  70  parts  per  100,000.  Add  nitric  acid  : 
boil ;  filter.  To  filtrate  add  potassium  ferrocyanide  solution,  when,  if  zinc  is 
present,  a  haze  or  tm-bidity  will  develop. 

(g)  Sulphates  (as  Sulpbtoric  Acid).  Such  are  fotmd  in  hard  waters  in 
combination  with  lime  and  magnesia. 

Qualitative. — If  to  a  sample  of  water,  on  addition  of  dilute  HCl  and  a  solution 
of  barium  chloride,  a  white  haze  or  turbichty  or  ppt.  appears,  tho  presence  of 
sulphates  is  indicated.  This  test  will  detect  2  to  3  gi-ains  per  gallon,  or  4  parts 
per  100,000. 

Quantitative. — If  tho  san\e  reagents  in  excess  be  added  to  2i}0  c.c.  of  sample 
with  free  stiiTing,  and  tho  ppt.  allowed  to  settle,  then  filtered,  washed,  dricii. 
ignited,  and  weighed,  the  amount  in  parts  per  100,000  may  be  calculated  from 
tho  weight  of  tho  BaSO 
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(h)  Sulphides  (as  HoS) — Qualitative. — (1)  A  solution  of  lead  acetate  gives 
a  darkened  colour  to  the  coliunn  of  water  of  PbS  ; 

(2)  A  solution  of  copper  sulpliate  gives  a  like  result  of  CuS  ; 

(3)  If  a  few  drops  of  dilute  cavistic  soda  (NaHO)  bo  added  to  water-sample, 

followed  by  an  equal  quantity  of  a  solution  of  nitro-prusside  of 
sodium  a  ^dolet  coloration  is  produced.  This  test  detects  minute 
quantities. 

{i)  Chlorides  (as  Chlorine). — The  purity  of  waters  being  in  some  degree 
.  stimated  from  the  quantity  of  chlorides  foimd,  tliis  test  is  of  importance. 

Qualitative. — If  on  addition  to  the  water-sample  of  dilute  nitric  acid  and  a 
solution  of  silver  nitrate  a  haze,  trubidity,  or  ppt.  result,  chlorides  are  present. 
One  gi-ain  per  gallon  gives  a  decided  haze,  fotu^  grains,  marked  tm-bidity  ;  or 
1-5  and  5-7  parts  per  100,000,  respectively. 

Quantitative. — Solutions  necessary  :  ( 1 )  A  standard  solution  of  silver  nitrate, 
made  by  dissolving  4-588  grammes  of  that  salt  per  litre  of  distilled  water,  of 
wliich  1  c.c.  is  equivalent  to  1  mgrm.  of  Chlorine ;  (2)  A  sat\u?ated  solution  of 
potassiiun  chromate,  made  chlorine-free  by  addition  of  silver  nitrate  until  a 
ppt.  of  silver  chromate  is  permanently  formed.  On  decanting  the  clear  yellow 
olution,  it  is  ready  for  use.  100  c.c.  of  water -sample  are  placed  in  a  wide- 
mouthed  flask  standing  on  a  wliite  svuface,  two  drops  of  potassium  chromate 
solution  are  added,  and  from  a  burette  the  standard  silver  solution  is  added 
slowly  in  drops,  with  continuous  rotatory  movement  of  the  flask,  until  the  silver 
eliromate  ceases  to  be  dissolved,  and  a  faint  reddish  tinge  is  imparted  to  the  fluid 
■II  the  flask.  The  number  of  c.c.  of  silver  solution  used  equals  the  parts  per 
100,000  of  the  chlorine  present.  By  multiplying  the  figure  found  by  0-7,  the 
equivalent  in  terms  of  grains  per  gallon  is  found. 

(/)  Nitrates — Qualitative. — a.  To  water-sample  in  test  tube  add  some 
strong  H2SO4,  and  a  few  drops  of  a  solution  of  diphenylamine  in  II0SO4.  If  a 
blue  coloiu"  be  struck,  nitrates  are  present. 

b.  Evaporate  to  dryness  in  porcelain  capsule  25  c.c.  of  sample  ;  add  two 
h'ops  of  strong  H2SO4,  and  a  gramile  of  brucine,  and  a  rose  coloiu",  becoming 
rain-bow  Hke,  will  appear.    This  test  detects  one  part  in  a  million  of  water. 

Quantitative. — Reagents  necessary:  (1)  Solution  of  phenolsulphonic  acid, 
made  by  dissolving  together  6  grammes  pure  carbolic  acid,  37  c.c.  strong  H2SO4, 
;md  3  c.c.  distilled  water  ;  (2)  Standard  solution  of  potassium  nitrate,  made  by 
dissolving  0-722  grarome  of  the  pure  fused  salt  per  htre  of  distilled  water,  of 
which  1  c.c.  is  equivalent  to  0-1  mgrm.  of  nitrogen. 

Process. — Evaporate  to  dryness  10  c.c.  or  more  of  the  sample  ;  add  1  c.c. 
"f  phenolsulphonic  acid  ;  mix  residue  with  glass  rod,  then  add  1  c.c.  distilled 
A-ater,  and  3  drops  of  strong  sulphuric  acid  ;  warm  on  water-bath  ;  then  add 
-3  c.c.  distilled  water.  Put  solution  in  a  Nessler  glass,  and  fill  up  to  zero-mark 
.\ith  dilute  clear  caustic  potash  solution.  The  yellow  colour  present  is  due  to 
potassium  picrate. 

Treat  1  c.c.  or  2  c.c.  or  more  of  the  standard  nitrate  solution  in  exactly  the 
same  way,  and  compare  the  colours  prodviced.  When  the  colours  are  matched, 
'  ■alculation  from  the  quantity  of  standard  nitrate  added  to  the  parallel  test-glass 
will  show  the  parts  of  nitrogen  present  per  100,000  parts  of  water. 

(k)  Nitrites — Qualitative — a.  If  a  solution  of  zinc  iodide  starch  solution 
■md  dilute  HjSO.,  be  added  to  sample,  and  a  blue  coloration  develop  (best  seen 
hy  looking  through  water  column  against  white  groimd),  nitrites  are  present, 
iccording  to  the  equation — 

Znl2-{-2KN02+2H2S04  =I2  -^ZnSO.,  -l-KjSOi  -]-2N0  -I-2H2O. 

On  addition  of  the  acid,  nitrous  acid  is  liberated  from  its  combination,  which  in 
fnrn  dissociates  the  iodine  from  the  zinc,  and  renders  it  free.  The  free  iodine 
1  mites  with  tlie  starch  to  form  the  blue  iodide  of  starch.  This  test  can  detect  one 
part  in  fifty  millions  of  water. 

h.  On  addition  of  the  acetic  acid  solution  of  stdphanilic  acid  and  naphthyl- 
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amino  acotnte  solution,  a  beautiful  pink  colour  appears,  but  only  slowly  if 
qiuT,ntity  of  nitrites  be  small. 

Quanlitative. — Reagents  recjuirod  :  (1)  Solution  of  sulpliaiiilic  acid,  ina<le  l,y 
dissolving  0-5  gi'aunne  of  the  acid  in  150  c.c.  of  dilute  acetic  acid  (sp.  gr.  ]04(Jj ; 

(2)  Solution  of  naphthylamine  acetate,  made  by  boiling  O-I  gramme  of  solid 
naphthj'lamine  in  20  c.c.  distilled  water,  filtering  through  a  plug  of  washed 
cotton-wool,  and  mixing  filtrate  witii  180  c.c.  of  dilute  acetic  acid  (as  above)  ; 

(3)  Standard  solution  of  sodium  nitrite,  made  by  dissolving  0-275  gramme  of  pure 
silver  nitrate  in  distilled  water,  and  then  adding  a  dilute  solution  of  pure  sodiuin 
chloride  vmtil  the  ppt.  of  silver  chloride  ceases  to  fall.  Add  up  to  250  c.c.  wii!i 
distilled  water.  The  solution  contains  per  c.c.  0-1  mgrm.  of  nitrogen  as  Bodium 
nitrite.  For  use,  10  c.c.  of  this  solution  are  diluted  to  100  c.c.  with  distilled 
water,  and  1  c.c.  of  this  now  contains  0-01  mgrm.  of  nitrogen.  The.se  solutions 
must  be  kept  in  the  dark  when  not  in  use,  and  in  dark  glass  bottles. 

Process. — 25  c.c.  or  50  c.c.  of  sample  are  placed  in  a  Ne.ssler  glass,  and  to  it  are 
successively  added  2  c.c.  of  solutions  (1)  and  (2)  by  means  of  different  pipettes. 
The  pink  colour  which  appears  must  be  exactly  matched.  Into  another  Nessler 
glassare  placed  an  equal  quantity  of  distilled  water,  1  or  more  c.c.  of  the  standard 
nitrite  solution  (3),  and  quantities  of  the  reagents  similar  to  those  in  the  other 
glass.  Wlien  the  colours  are  mfitched,  the  number  of  parts  of  nitrogen  as 
nitrites  per  100,000  parts  of  sample  may  be  calculated  from  the  data  wliich  have 
been  f  oiond. 

(I)  COMBESTBD    NiTROGEN  IN    NiTEATES    AND    NiTBlTES,   ETC.     The  total 

quantity  of  nitrogen,  as  nitrates  and  nitrites,  may  be  estimated  by  the 
copper-zinc  couple  process.  Zinc  foil  is  coated  black  with  copper  by  galvanic 
action  on  being  placed  in  a  solution  of  copper  sxilphate  containing  1-8  per  cent., 
and  is  then  carefully  washed  with  distilled  water.  The  couple,  as  it  is  then 
called,  is  put  into  a  wide-mouthed  glass-stoppered  bottle  with  250  c.c.  of  the 
water-sample,  to  which  has  been  added  0-5  gramme  of  finely  powdered  oxalic 
acid.  The  bottle,  stoppered,  is  placed  in  a  warm  place  for  twenty-four  hours. 
The  couple  acts  by  electrolysis  on  the  water,  liberating  hydrogen  and  splitting 
up  the  combined  nitrogen  ;  and  these  imiting  together  form  ammonia,  wliich 
is  estimated  by  direct  Nesslerising  (q.v.)  after  filtering,  to  rid  the  water  of  any 
lime  oxalate  which  may  have  been  precipitated.  The  combined  nitrogen  is, 
thereafter,  estimated  by  this  process  in  terms  of  ammonia. 

(m)  Phosphates — Qualitative. — Add  some  dilute  HNO3  to  250  c.c.  water- 
sample,  and  evaporate  to  dryness.  Heat  residue  cautiously,  dissolve  in  dilute 
HNO  ,'and  filter.  To  clear  filtrate,  add  twice  the  volume  of  warmed,  strong 
solution  of  ammonium  molybdate.  The  formation  of  a  yellow  colour  or 
turbidity  indicates  phosphates,  as  ammonium  phospho-molybdate. 

Since  it  is  but  the  very  rarest  occurrence  that  phosphates  are  present  in  more 
than  traces,  quantitative  examination  is  usually  unnecessary. 

(n)  Habdness — a.  Soap  Method. 

Quantitative— Rea.gent8  required  :  (1)  Standard  soap-solution,  made  by  dis- 
solving 10  grammes  of  finely-powdered  Castile  soap  in  a  litre  of  35  per  cent, 
alcohol ;  (2)  Standard  solution  of  lime,  made  by  dissolving  1-11  grammes  of 
pure  calcium  chloride  in  a  litre  of  distilled  water,  of  which  1  c.c.  is  equivalent  to  1 
milligramme  of  CaCO 3.  It  is  necessary  to  standardise  the  soap-solution  against 
standard  lime  solution,  so  that  1  c.c.  of  it  will  be  equal  to  1  c.c.  of  the  other. 
To  do  this,  5  c.c.  or  10  c.c.  of  the  standard  lime  solution  should  be  diluted  to 
100  c  c  with  distilled  water,  put  into  a  glass-stoppered  bottle,  and  the  standard 
soap  solution  from  a  burette  added  in  small  quantities  at  a  time,  with  vigorous 
shaking  of  bottle  and  contents  after  each  addition,  vmtil  a  miifonn,  creamy 
lather  is  formed  which  will  remain  unbroken  for  5  minutes  wlien  the  bottle  is 
laid  on  its  side.  If  the  number  of  c.c.  of  soap  solution  added  be  6-5— where 
5  c  c  of  standard  lime  solution  has  been  used-or  11-5  where  10  c.c,  then  the 
soap  solution  is  right,  since  1-5  c.c.  of  it  are  required  for  the  distilled  wat^r  alone. 
If  however,  less  be  necessary,  then  it  is  too  strong,  and  it  must  be  diluted  witn 
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thfi  necessary  amoimt  of  weak  alcohol,  the  precise  number  of  c.c.  to  be  added 
the  ^®^«f^2ed  from  the  mean  of  three  titrations.    As  soap  sokition  decom- 
necessary  to  titrate  it  against  the  standard  lime  solution 
from  time  to  time,  so  as  to  know  its  valency.  ,  x    i     „  „f 

Let  ii  be  assmhed  that  1  c.c.  of  the  soap  solution  is  e qua  to  1  cc  o  the 
standard  hme  solution,  then  the  process  of  testmg  the  water-sample  is  as 

^"""^adass-stoppered  bottle  put  100  c.c.  of  water-sample  ;  from  a  burette 
>.dd  the  Eap  solution  in  quantities  of  1  c.c.  at  a  time,  shake  vigorously  after 
Ih  addTtfon  imtil  a  lather  of  the  Idnd  and  persistency  described  above  is 
Lniied  Repeat  the  process  a  second  time,  adding  the  soap  solution  more 
bo^X  till  the  latherinlpoint  is  neared,  and  then  only  drop  ^..^e?' of°  water- 
estimation.  The  number  of  c.c.  of  f^^P  "^^Vn[  oTo  ner  IM  0^^^^ 
••amDle  less  1-5  c.c,  is  the  measme  of  hardness  m  terms  of  CaCOg  per  lW,y)W 
;a"f '  Thus  :  Suppose  12-5  c.c.  of  soap-solution  are  used  by  100  c-  of  wate, 
fl  c.c.  =1000  miUigi-ammes),  then  12-5  - 1-5  c.c.  =11  parts  of  CaCOs  per  100,000 

^""''xhifreToing  estimation  is  of  the  total  hardness.  To  estimate  the  temporary 
hardness  100  c.c.  of  sample  are  boiled  for  twenty  minutes  m  a  flask  and  then 
filtered,  ;nd  the  quantity  less  than  100  c.c.  lost  by  evaporation  is  made^P Jo 
that  fi^re  by  the  addition  of  distilled  water.  Smce  boihng  drives  off  CO ,  and 
thereby  throws  down  the  carbonates  of  hme  and  magnesia,  the  hardness  due  to 
these  salts  is  now  removed.  Titration  of  the  water,  performed  as  above,  now 
gives  the  permanent  hardness.  Suppose  6-0  c.c.  of  soap  solution  were  now 
reauned  then  6 - 1-5  =4-5  =parts  of  permanent  hardness  per  100,000.  io 
asce'aS;  the  temporary  hardness,  it  is  only  necessary  to  deduct  the  figure  for  he 
permanent  hardness  from  that  of  the  gross  total  hardness,  and  1-5  from  the 
remainder,  thus  : — 

(12-5 -4-5)  -  1-5  =  6-5  temporary  hardness  per  100,000  parts  of  sample. 

b.  Chemical  Method. 

Reagents  required:  {I)  ^  solution  of  pme  sodium  carbonate,  made  by 

dissolving  1-06  grammes  of  the  pure  salt  in  one  Utre  of  distilled  water,  of  which 
1  c.c.  contains  -00106  gramme  Na,C03,  and  is  equivalent  to  -001  gramme  or  1 

mgrm.  of  CaCOs ;  (2)  ^  solution  of  sulphuric  acid,  of  which  1  c.c.  is  equivalent 

to  1  c.c.  of  1^  NaoCOj ;  (3)  Solution  of  methyl-orange  (as  indicator). 

Process— a.  Temporary  hardness.— To  250  c.c.  of  water-sample  add  two 
drops  of  indicator,  and  heat  to  boihng.  From  bm-ette,  fiUed  with  —  H  ^SO  4,  add 
drop  by  drop  (shaking  flask  constantly)  until  yellow  colom;  changes  to  pink. 
Since  each  c.c.  of  £  acid  used  is  equivalent  to  1  mgrm.  of  CaCOg  from  the 
number  of  c.c.  used,  the  quantity  of  CaCO 3  present  may  be  calculated.  ^ 

b.  Permanent  Hardness.— To  100  c.c.  of  sample  add  shght  excess  of  _ 

of  Na,CO,  (usually  equal  parts  will  be  sufficient)  ;  evaporate  mixture  to  dryness 
in  platinum  vessel  ;  extract  residue  with  distilled  water  ;  filter  solution  through 
small  filter-paper  and  wash  well  the  deposit  on  filter  with  hot  distilled  water  ; 
titrate  combined  filtrate  and  washings  with^  acid  after  addition  of  two  drops  of 

N 

indicator.    The  difference  in  number  of  c.c.  of      Na.CO,  originally  added  to 

N 

sample  and  the  number  of  c.c.  of  _  acid  required  to  neutralise  the  solution 


216 


PUBLIC  HEALTH 


equals  the  measure  of  the  permanent  hardness  in  amount  of  sample  treated. 
By  easy  calculation,  tlio  amoimt  in  parts  per  100,000  of  permanent  hardness,  in 
terms  of  CaCOs,  may  be  found. 

N 

Rationale. — The  addition  of  the      alkali  to  sample  decomposes  sulphates, 

chlorides,  and  nitrates  of  lime  and  magnesia,  and  liberates  the  corresponding 
acids  by  forming  carbonates  with  the  bases  which  were  combined  with  the  acids 
named. 

Note. — If  the  original  sample  be  alkaline  from  pre.sence  of  Na2C03,  K2CO3, 
or  both,  there  will  be  no  permanent  hardness,  and  if  titration  has  been  carefully 
N 

performed,  more      acid  will  be  required  in  titration  of  filtrate  than  the  amount 
N 

of  50  ^^^^^  added  initially  to  water-sample.    The  difference  in  exceas  equals 

the  amoimt  of  alkaline  carbonates  natively  present  in  water-sample.  In  such  a 
case,  therefore,  to  obtain  the  true  temporary  hardness  it  is  necessary  to  deduct 
the  excess  in  tins  process  from  the  result  obtained  in  the  estimation  of  temporary 
hardness. 

(0)  Ammoota — Qualitative. — If  two  or  three  drops  of  Nessler's  solution  be 
added  to  a  colmmi  of  water  in  a  Nessler  glass  or  long  test-tube,  and  a  yellow 
or  yellowish-brown  colour  be  formed,  ammonia  is  indicated.  This  test  detects 
minute  quantities. 

Quantitative  (Wankljm's  Process). — Reagents  required:  (1)  Standard  solu- 
tion of  ammonium  chloride,  made  by  dissolving  0-382  gramme  of  pm-e  dry 
ammonium  clxLoride  in  a  litre  of  distilled,  ammonia-free  water,  of  wliich  1  c.c.  is 
equivalent  to  0-1  mgrm.  of  ammonia  ;  (2)  A  weaker  standard  solution,  made  by 
making  up  100  c.c.  of  the  above  to  one  litre  with  distilled,  ammonia-free  water, 
of  wliich  1  c.c.  is  equivalent  to  0-01  mgrm.  of  ammonia  ;  (3)  Nessler's  reagent, 
made  by  dissolving  15  grammes  of  potassium  iodide,  17  grammes  of  mercuric 
chloride,  and  160  grammes  of  caustic  potash  in  a  htre  of  distilled,  ammonia- 
free  water.  If  a  permanent  precipitate  be  not  formed,  sufficient  merciiric 
chloride  solution  (saturated)  must  be  added  until  it  is  formed.  The  reagent  is 
then  sensitive  for  lase  ;  (4)  Alkaline  permanganate  solution,  made  by  dissohing 
8  grammes  of  potassium  permanganate  and  200  grammes  of  solid  caustic  potash 
in  a  htre  of  distilled  water.  After  solution  of  ingredients,  the  mixture  should  be 
boiled  until  one-tliird  of  the  bulk  is  evaporated.  After  the  mixture  is  cooled,  the 
total  bulk  is  made  up  to  one  Htre  by  the  addition  of  ammonia-free  water,  which 
ensures  the  freedom  of  the  reagent  from  ammonia  ;  (5)  Distilled  aimnonia-free 
water. 

The  ammonia  in  a  water  is  estimated  as  Free  or  Saline  and  as  Albuminoid 
ammonia,  the  latter  beiag  a  measm-e  of  the  nitrogen  contained  in  more  or  less 
complex  albimainoid  compoimds  in  a  water,  and  wliich  is  converted  into 
ammonia  by  the  action  of  the  alkaline  permanganate  solution. 

The  estimation  of  the  ammonia  in  tliis  process  is  colorimetric,  and  is  made 
in  the  distillates  obtained  from  the  water  by  distillation,  the  process  of  colori- 
metric estimation  being  known  as  "  Nesslerising." 

The  following  apparatus  is  required :  (a)  A  boihng  flask  ;  (6)  A  Liebig's  con- 
denser, fitted  with  an  adapter ;  (c)  1  c.c.  and  2  c.c.  pipettes  ;  (d)  Nessler  glasses, 
graduated  at  50  c.c.  and  100  c.c,  or  Hehner's  glasses,  graduated  in  ^  and 
1  c.c.  up  to  100  c.c,  and  fitted  with  glass  stop-cock;  (e)  Capillary  glass  tubes. 

Fbee  OB  Saline  Ammonia — Process. — Half  a  Utre  of  water-sample  is  placed 
in  the  cleaned  boiling-flask,  a  pinch  of  freshl3'-ignited  sodium  carbonate  (to 
make  the  water  decidedly  alkaline)  is  added,  the  flask  is  connected  tightly  with 
the  Liebig's  condenser,  and  the  contents  of  the  flask  are  heated  to  brisk  boiling 
by  a  Bvinsen  burner.  The  distillate  is  collected  in  Nessler  glasses,  60  c.c.  or 
100  c.c.  at  a  time,  imtil  300  c.c.  have  been  distilled  over.  These  distillates  are 
reserved  for  Nesslerising.    Tlioy  contain  the  Free  or  Saline  Ammonia. 

Albuminoid  Ammonia. — To  the  300  cc.  of  water  left  in  the  boiling-flask 
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are  added  50  c.c.  of  tho  alltaline  permanganate  solution,  and,  in  order  to  prevent 
••  bumping "  of  flftsk  imd  contents  during  subsequent  boiling,  some  glass 
eapiUaiy  tubes  sealed  at  one  end  in  the  flame.  The  apparatus  is  again  con- 
nected, and  boiling resimied  tmtil  200  c.c.  are  distilled  over,  in  which  is  contamed 
the  albuminoid  ammonia.  This,  hke  the  former  distillate,  is  collected  in  50  c.c. 
or  100  c.c.  Nessler  glasses  for  Nesslerising. 

Nesslerising—Free  Ammonia. — A  Nessler  glass  containing  the  first  distillate 
of  100  c.c.  is  placed  on  a  large,  white  porcelain  tile.  To  it  are  added  2  c.c.  of 
Nessler  solution  by  means  of  a  pipette,  and  the  whole  is  stu-red  by  a  clean  glass 
rod.  After  5  minutes  the  coloiu-  produced  is  observed,  as  the  object  is  to  match 
exactly  the  colour  in  another  hke-sized  Nessler  glass.  Into  a  second  glass, 
tlierefore,  is  pipetted  1  c.c,  2  c.c.  or  more  of  the  weak  standard  ammonia 
:,olution  (2),  the  glass  filled  up  to  the  100  c.c.  mark  with  aimnonia-free  water 
(5),  and  2  c.c.  of  Nessler  reagent  added  by  pipette.  If  the  quantities  of  annnonia 
in  each  glass  be  similar  in  amoimt,  the  colom-s  produced  will  be  identical ;  if  not, 
then  the  colour  of  one  or  the  other  will  be  darker,  depending  upon  which  con- 
tains tho  larger  quantity  of  aimnonia  ;  ia  wliich  case,  the  object  being  to  match 
the  colom^  of  the  distillate,  smaller  or  larger  quantities  of  the  weak  standard 
ammonia  must  be  made  up  with  fresh  ammonia-free  water  vmtil  the  colours  are 
exactly  matched.  When  that  is  attained,  it  is  known  that  the  quantity  of 
ammonia  present  in  the  distillate  is  equal  to  that  added  in  the  parallel  glass. 

The  second  100  c.c.  of  distillate  is  Nesslerised  in  the  same  way,  and  the  sum 
of  the  two  is  the  amount  of  Free  Ammonia  in  500  c.c.  of  water-sample. 

The  distillate  containing  the  albuminoid  ammonia  is  then  similarly  dealt 
with  and  the  amount  of  ammonia  estimated  in  like  manner. 

Example. — Colours  were  matched  in  first  100  c.c.  of  distillate  of  /ree 
ammonia  by  2  c.c.  of  standard  ammonia  solution  (&),  of  which  1  c.c.  =-01  mgrm. 
ammonia;  and  in  second  100  c.c.  by  1  c.c.  ;  therefore  -01  x2  4--01  x  1  =-03 
mgrms.  of  ammonia  in  500  c.c,  or  500,000  mgrms.  of  water  ;  or  -03  X  2  =-06  in 
1000  c.c.  or  1,000,000  parts  ;  or  -006  parts  per  100,000  of  water. 

Albuminoid  Ammonia. — Colours  were  matched  in  first  100  c.c.  of  distillate  by 
5  c.c.  of  ammonia  solution  ;  and  in  second  100  c.c.  by  3  c.c.  ;  therefore  -01  X  5 
•01x3  =-08  parts  in  500  c.c.  of  water;  or  -08x2  =-16  parts  in  1000  c.c,  or 
1,000,000  parts  ;  or  -016  in  100,000  parts. 

In  Nesslerising  it  is  not  a  good  plan  to  make  additions  of  standard  ammonia 
solution,  to  bring  up  the  colom,  after  Nessler  reagent  has  once  been  added,  as 
the  column  becomes  muddy  and  the  colour  difficult  of  comparison.  It  should 
also  be  noted  that  on  rare  occasions  the  colo\ir  in  the  distillate  produced  is 
difficult  to  compare,  for  reasons  that  are  not  well  loiown.  It  is  very  important 
that  the  water  to  be  distilled  should  be  alkaline,  since  acid  ivaters  will  not  give  up 
their  ammonia. 

To  overcome  the  trouble  of  mixing  different  sohitions  to  get  the  exact  one  to 
match  the  colours  in  the  distillates,  Hehner's  glasses  were  devised.  Suppose 
that  the  Nesslerising  is  done  in  two  of  such  glasses,  and  that  in  one  or  other 
the  colour  is  either  darker  or  Ughter,  it  is  only  necessary  to  run  off  the  fluid 
from  the  darker  imtil  the  colour  is  ahke  to  that  of  the  other.  If,  for  example, 
the  distillate  be  run  down  to  70  c.c.  from  100  c.c.  before  the  colours  are  equal, 
and  if  2  c.c.  of  standard  ammonia  (2)  have  been  added  to  the  parallel  glass,  then 
obviously  the  quantity  of  ammonia  in  100  c.c.  of  distillate  is  greater  than  in  the 

other  ia  the  proportion  of  70  to  100 ;  therefore,  -01  x  2  x  ^  =  -0286  mgrms. 

will  be  the  quantity  present  in  100  c.c.  of  distillate.  If,  on  tho  other  hand, 
tho  colour  in  the  parallel  glass  into  which  2  c.c.  of  standard  ammonia  had 
been  put  was  the  darker,  and  that  it  had  to  be  run  down  to  80  c.c.  when  the 
colours  became  equal ;  then,  obviously,  the  quantity  of  ammonia  present  in  the 
distillate  will  be  less  than  it  originally  contained  in  the  proportion  of  100  to  80  ; 
8 

therefore,  -01  x  2  X  =  -016  mgrms.  is  the  amount  of  ammonia  in  100  c.c.  of 
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distillate.    Tliis  method  is  not  only  more  expeditious,  but  is  equally  accurate 
lont;  as  the  liquid  eulunm  is  not  run  down  lower  than  50  c.c. 

ip)  Organic!  Matter— Tidy-Forchammer  Process.— The  organic  matter  i.s 
estimated  in  this  process  in  terms  of  "  oxygen  consumed  "  in  given  periods 
of  time,  those  couunonly  employed  being  twenty  minutes  and  3  hours 
respectively. 

Quantitalive — Reagents  required:  (1)  Standard  solution  of  potassium  per- 
nianganate,  made  by  dissolving  0-395  gramme  of  that  salt  in  a  htre  of  freshly- 
distilled  water,  of  which  10  c.c.  is  equivalent  to  1  milligramme  of  available 
oxygen  ;  (2)  Solution  of  sodium  thiosulphate,  made  by  dissolving  -5  gramme 
iii  a  htre  of  distilled  water  ;  (3)  Solution  of  potassium  iodide  (free  from  iodate), 
made  by  dissolving  10  grammes  in  100  c.c.  of  distilled  water;  (4)  Starch  solution, 
freshly  made,  composed  of  a  filtered  solution  in  which  10  parts  of  arrowroot 
starch  have  been  boiled  in  200  parts  of  water  ;  (5)  Dilute  sulphuric  acid  (1  part 
to  3  of  distilled  water)  wliich  remains  sUghtly  pink  after  addition  of  a  few  drops 
of  potassium  permanganate  and  after  heating  at  80°  F.,  for  4  hours. 

Apparatus  required  :  (a)  Flasks,  with  a  capacity  of  400  c.c,  four  in  number  ; 
(6)  Flat,  open  water-bath  ;  (c)  Pipettes,  5  c.c.  and  10  c.c.  ;  thermometers. 

Process. — Into  each  of  two  of  the  flasks  put  250  c.c.  of  the  water-sample,  and 
into  each  of  the  other  two,  250  c.c.  of  freshly-distilled  water.  (Note. — The  flasks 
must  be  chemically  clean  before  being  used. )  The  four  flasks  are  placed  in  the 
water-bath  and  the  temperature  regulated  so  that  the  water  of  the  flasks  during 
the  experiment  is  uniformly  maintained  at  about  80°  F.  Into  each  of  the  four 
flasks  put  10  c.c.  of  permanganate  solution  (1),  and  10  c.c.  of  .sulplmric  acid  (4). 
Shoiild  the  pink  colour  be  discharged  during  the  course  of  the  experiment, 
another  10  c.c.  of  permanganate  must  be  added;  or  a  third  if  required,  in  the  case 
of  bad  waters.  At  the  end  of  twenty  minutes,  two  of  the  flasks  are  removed 
from  the  bath,  and  to  each  is  added  2  c.c.  of  potassium  iodide  solution  (3).  As 
is  the  amount  of  permanganate  imacted  upon  so  is  the  amount  of  iodine  which  is 
liberated.  In  consequence  of  tliis  change,  the  fluid  in  the  flask  which  formerly 
was  pink  now  becomes  yellow.  From  a  burette  filled  with  sodiimi  thiosulphate 
solution,  a  quantity  is  added  sufficient  to  nearly  discharge  this  yellow  coloin- ; 
then  2  c.c.  of  starch  solution  (4)  are  added,  which  strikes  a  blue  or  greenish-blue 
colour  with  the  remaining  free  iodine  ;  the  addition  of  thiosulphate  is  then  con- 
tinued imtil  the  blue  colour  is  just  discharged.  The  nimiber  of  c.c.  of  the  tliiosul- 
phate  used  to  produce  this  effect  in  the  flask  containing  the  distilled  water  is 
taken  as  the  measure  of  the  oxygen-value  of  10  c.c.  of  standard  permangan- 
ate— viz.  1  mgrm.  of  oxygen,  and  the  difference  between  the  number  of 
c.c.  used  in  the  distilled  water  and  in  the  water-sample  respectively  is  the 
measure  of  oxygen  used  up  by  the  organic  matter  in  the  water-sample.  For 
example  :  In  twenty  minutes,  the  nmnber  of  c.c.  of  thiosulphate  required  for 
250  c.c.  of  distilled  water  + 10  c.c.  standard  permanganate  =  45  c.c.  ;  number 
required  for  250  c.c.  of  water-sample  containing  10  c.c.  of  permanganate  =  25  c.c. 
The  former,  amoimt  is  equivalent  to  10  c.c.  of  standard  permanganate  used,  or 
1  mgrm.  of  oxygen  ;  the  latter  subtracted  from  the  former  is  the  measure  of  the 
amount  of  oxygen  consumed  in  the  water-sample;  Therefore  45  c.c. —25  c.c. 
=  20  c.c.  The  calculation,  then,  is  as  follows  :  45  :  20  :  :  1:  a; :  .-.  .r  =4  mgrm. 
of  oxygen  ;  that  is  4  mgrm.  of  oxygen  has  been  consumed  in  250  c.c.  of  sample 
in  twenty  minutes.  Since,  however,  only  250  c.c,  or  250,000  mgrms.  of  water- 
sample  have  been  used,  the  figure  4  must  be  multipUed  by  four  to  bring  out 
parts  per  million.  Therefore  4x4=l'7  mgrms.  of  oxygen  consurned  per 
million  parts  of  water,  or  -17  parts  per  100,000. 

The  other  two  flasks,  which  have  been  exposed  for  three  hours,  are  similarly 
treated,  and  the  result  computed  in  the  same  way. 

The  object  of  the  different  periods  of  exposure  is  to  differentiate  the  nature  of 
the  oxidisable  matter.  The  period  of  twenty  minutes  indicates  the  amount  of 
oxygen  consumed  in  the  oxidation  of  chemical  salts  ;  tliat  of  three  hours,  the 
amount  consumed  in  the  oxidation  of  organic  bodies  of  an  albuminoid  character. 
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The  chemical  equations  of  the  different  stages  of  the  process  are  these  : — 

1.  4KMn04  +  6H,S04=4MnSO,+2K2SO,,  +  6H,,0+502 ; 

2.  2KMnO,  +  10KI-|-8H,SO,=2MnSO,+6K2SO4  +  8H2O+5l2  ; 

3.  2Na2S203+l2=2NaI+NaoS40e. 

By  the  addition  of  starch  solution  the  bkie  or  bluish-green  iodide  of  starch  is 
formed,  which  is  discharged  by  fui-ther  addition  of  sodium  thiosulphate. 
(Vide  also  p.  300.) 

Opinion  of  Quality  of  Water  from  Chemical  Analysis— This  opinion 
has  reference  to  (1)  purity,  and  (2)  economical  use.  The  constituents 
in  a  water,  with  reference  to  purity,  to  which  close  attention  must  be 
paid,  are  :  amounts  of  {a)  chlorides  ;  (h)  of  ammonia,  free  and  albu- 
minoid ;  (c)  of  nitrates  and  nitrites  ;  and  {d)  of  oxidisable  organic 
matter.  In  a  water  which  is  much  polluted  and  has  been  for  some 
time  in  that  condition,  abnormally  high  proportions  of  all  these  in- 
gredients will  likely  be  found.  The  source  of  the  excess  of  chlorides 
is  urine  of  sewage,  and  of  ammonia,  the  decomposition  of  urea,  while 
the  nitrites  and  nitrates  express  progressive  stages  of  oxidation  of 
nitrogen  from  decomposed  albuminoid  bodies  derived  from  sewage  or 
vegetable  albuminoid  bodies,  and  the  oxidisable  organic  matter  may 
be  taken  as  a  gauge  of  the  organic  matter,  liable  to  decomposition  or 
oxidisation,  which  is  present. 

In  order  to  institute  comparisons,  it  is  necessary  to  form  a  standard 
from  the  proportions  of  these,  or  some  of  these  constituents  which  a 
pure  water  contains,  in  order  to  estimate  which  waters  are  impure, 
and  what  their  relative  impurity. 

A  pure  water  may  be  considered  as  containing  the  above  ingredients 
in  the  following  proportions,  viz.  : — 

Chlorine  =  less  than  1-4  parts  per  100,000. 

Free  ammonia  =  -002  „  „ 

Alb.      „  =-005 


Nitrogen  | 


^  -0025 

=  loss  than  0-1 


A  usable,  or  second-class  water  contains — 


Chlorine 
Free  ammonia 
Alb.  „ 


less  than  5  parts  per  100,000. 
•005 


yy 


Oxygen  consumed 


•15 


A  suspicious,  or  third-class  water  contains — 


Chlorine 

Free  ammonia 

Alb.  „ 

Total  nitrogen  (as 

above) 
Oxygen  consumed 


and  less  than  '245 
parts 


•15 
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An  impure,  or  dangerous  water  contains — 

Chlorino  =  from  7  to  10  parts  per  100,000. 

Ammoniu,  |  |     =     „    -0225  to  -025  parts  per  100,000. 

Nitrogen  | 

Nitrites  J    —     "    '^^0  parts  per  100,000  and  upwards. 
Oxygen  consumed        =     „    -20         „  „       „       „  „ 

WhUe  it  is  true  tliat  these  standards  are  arbitrary,  they  may  be 
deemed  as  fairly  accurate  and  representative  of  different  classes  of 
waters.    It  is  very  unsafe  to  pronounce  an  opinion  unfavourable  to 


Pia.  49. — Photo-micrograph  of  tipirillam  ruhrum — a  not  uncommon  water 
micro-organism,    x  500  diameters.  (Author.) 

the  potability  cf  a  water  from  an  abnormally  bigb  amount  of  any 
single  ingredient,  as,  for  example,  chlorine,  albuminoid  ammonia, 
organic  matter,  or  niti'ates,  for  each  of  these  when  found  alone  is  com- 
patible with  purity. 

For  example,  while  in  any  water  excess  of  chlorine  to  the  amount 
of  15  to  18  parts  per  100,000  would  make  the  examiner  suspicious  of 
pollution,  a  low  total  of  free  and  albuminoid  ammonia,  absence  of 
nitrates,  and  low  "  oxygen  consumed  "  would  show  that  the  excess  of 
chlorine  was  due  to  some  uncommon  cause,  wliich  on  inquiry  would 
most  likely  prove  to  be  proximity  to  the  sea.  AVe  have  several  times 
had  this  experience.  High  albuminoid  ammonia  is  a  common  feature 
of  upland  waters,  and  if  a  judgment  was  formed  from  this  factor  alone, 
it  would  likely  be  wide  of  the  true  mark,  since  its  presence  is  accounted 
for  by  vegetable,  peaty  matter.  Loch  Katrine  supply  contains  -008 
parts  per  10,000  of  albuminoid  ammonia,  but  it  has  practically  no  free 
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ammonia.  In  the  same  way,  even  with  excess  of  chlorides  and  nitrates 
in  a  water,  judgment  would  be  liable  to  err  if  the  fact  is  not- known 
that  such  ingredients  may  be  found  in  the  waters  of  Artesian  wells 
regarding  the  sewage  contamination  of  which  there  is  no  possibility.  In 
forming  an  opinion  upon  the  potability  or  purity  of  a  water  from  chemical 
analysis  onl)^  careful  scrutiny  and  comparison  must  therefore  be  made 
of  the  difierent  constituents  which  ordinarily  indicate  by  their  presence 
in  excess  sewage  contamination,  and  ifrom  the  relation  of  these  to  each 
other,  a  tentative  opinion  only  should  be  offered.  Before  a  definite, 
final  opinion  is  given,  exact  information  ought  to  be  obtained  regarding 
the  source  of  supply  of  the  water,  and  of  its  position  and  environment 
with,  respect  to  possible  pollution. 

Opinion  as  to  Economical  Use. — From  what  has  been  said,  a  hard 
water  is  less  profitable  and  less  suitable  to  a  community  than  a  soft 
water,  and  for  the  reasons  formerly  given.  Where  a  new  water-supply 
is  proposed,  of  two  waters,  one  hard  and  one  soft,  which  are  available, 
and  where  both  are  satisfactorily  pure,  the  latter  is  preferable.  Keeping 
the  object  in  view  for  which  the  water  is  desired,  a  hard  water  may, 
however,  be  more  useful  than  a  soft  water.  This  is  particularly  true, 
for  example,  of  beer-brewing.  Again,  the  presence  or  absence  of  sus- 
pended matter  is  of  importance  with  reference  to  the  need  for  filtra- 
tion. Loch  Katrine  supply  to  Glasgow  does  not  require  filtration 
because  of  its  freedom  from  matters  in  suspension.  A  river-supply, 
however,  must  needs  be  filtered  because  of  the  presence  of.  suspended 
matters,  and  more  especially  because  of  the  possible  presence  of  the 
specific  micro-organisms  of  disease. 

Biological  or  Bacteriological  Examination  of  Water. — The  purity  of 
any  water  may  be  also  estimated  from  the  number  and  kind  of  micro- 
organisms it  contains  per  cubic  centimetre.  It  may  be  held  as  expressive 
of  a  general  truth  that  the  larger  the  number  of  micro-organisms  present 
in  that  unit  quantity  of  water,  the  more  plentiful  the  amount  of  organic 
matter  therein,  and  the  greater  the  potentialities  of  risk  to  the  consumer. 
But  mere  number  of  organisms  per  c.c.  of  water  is  by  no  means  a  safe, 
guiding  index  of  risk  in  consumption,  since  the  organic  matter  may 
be  of  vegetable  and  not  of  animal  origin.  Where,  however,  pollution 
by  animal  matter  is  likely,  or  indeed  is  possible,  such  a  water  would 
a  priori  be  suspicious,  because  of  the  possibility  of  its  containing  specific 
organisms  of  disease,  such  as  B.  typhosus,  B.  cholerce,  B.  enteritidis 
sporogenes,  Amoeba  coli,  B.  coli  communis,  and  others.  It  is  quite 
true  that  there  is  great  difficulty  in  isolating  these  organisms,  and 
chiefly  the  first  two  named,  from  a  suspected  water-supply,  and  less 
difficulty  with  the  others  ;  but  so  soon  as  B.  coli  communis,  B.  enteri- 
tidis sporogenes,  or  either  of  them  is  found  in  a  potable  water,  its  use 
becomes  a  positive  danger,  as  sewage  pollution  is  certainly  betokened. 
Chemically  pure  waters  contain  but  few  organisms,  but  waters  rich  in 
organic  matter  contain  them  in  abundance.  Standards  of  purity 
of  water  may  be  based  upon  that  and  like  facts.  Miguel  has  proposed 
that  waters  should  be  divided  into  two  classes — viz.  pure  and  impure. 
Those  waters  ought  to  be  deenred  pure  which  contain  less  than  1000 
microbes  per  c.c,  those  impure  which  contain  over  1000  and  under 
100,000,  and  those  to  be  very  impui'e,  more  than  100,000  per  c.c. 
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To  collect  samples  for  bacteriological  examination,  small  glass  bulbs 
rendered  vacuous,  and  drawn  out  to  a  fine  extremity  which  is  sealed, 
are  convenient  for  use.  Their  sterilisation  is  effected  by  heat.  The 
bulb  is  partially  filled  with  water  when  the  top  of  its  capillary  extremity 
is  broken  under  water.  When  the  operation  is  completed,  the  capillary 
point  is  sealed  at  a  flame.  If  any  time  is  to  intervene  between  the 
sample-taking  and  the  examination,  each  bulb  should  be  placed  sepa- 
rately in  a  tin  with  cotton-wool,  and  the  tins  surrounded  by  ice.  Petri- 
plate  cultures  in  gelatine  and  agar-agar  should  then  be  made  with  0-1, 
0-2,  0-5,  and  1  c.c.  respectively  of  the  water,  and  after  incubation  at 
22°  C.  and  37°  C.  for  the  gelatine  and  agar-agar  respectively.  The 
colonies  which  grow  on  these  plates  should  be  counted"  where  the  num- 
bers can  be  counted,  and  the  mean  of  the  numbers  found,  calculated 
into  1  c.c,  will  represent  the  number  of  organisms,  divided  into  moulds 
and  micro-organisms,  in  1  c.c.  of  the  water-sample.  Thereafter,  pure 
cultures  must  be  made  of  these  colonies  which  are  suspicious,  so  that 
by  their  cultural  and  morphological  characteristics  they  may  be  iden- 
tified. On  these  points,  however,  reference  must  be  made  to  bacterio- 
logical works. 

Hot- Water  Supply  of  a  House 

In  most  houses  of  any  pretensions  wliich  are  supplied  with  water  from  a 
gi-avitation  supply,  a  hot-water  system  for  the  supply  of  hot  water  for  cuUnary 
piurposes,  baths,  wa3h-hand  basins,  etc.,  is  commonly  introduced.  The  .source 
of  heating  the  supply  is  a  boiler  which  is  placed  behind  the  fii'e  of  the  kitchen- 
range,  is  commonly  of  a  saddle  or  horse-shoe  shape,  and  is  constructed  of  iron 
or  copper.  In  such  an  installation,  a  cistern  must  be  placed  at  the  top  of  the 
house,  the  position  usually  chosen  being  one  between  the  ceiling  of  the  topmost 
room  and  the  roof  of  the  house,  so  that  from  the  contents  of  the  cistern  cold 
water  may  fill  the  place  of  the  hot  water  di'awn  off  at  any  point  of  the  supply. 
By  the  house-branch  pipe  from  the  street  water-main  water  is  conveyed  to  this 
cistern,  which  is  the  highest  point  of  the  circulation.  The  supply  from  the 
cistern  is  solely  intended  for  the  hot-water  system  and  to  feed  the  boiler.  The 
water  from  it  may  be  used  for  cooldng  provided  that  all  risks  of  contamination 
and  pollution  are  prevented.  This  may  be  accomplished  by  constructing  the 
cistern  of  slate,  covering  it  with  an  iron,  slate,  or  wooden  hinged  lid,  and 
ventilating  it  by  means  of  openings  for  the  outlet  and  inlet  of  air,  as  showav  in 
Fig.  50.  In  most  houses,  unfortunately,  too  little  attention  is  paid  to  this 
cistern,  with  the  result  that  it  very  often  becomes  a  receptacle  of  miscellaneous 
material,  of  which  dirt  from  the  roof,  the  decomposing  bodies  of  drowned  mice 
and  rats,  and  plaster  are  common  examples.  Owing  to  such  pollution  risks  to 
health  are  engendered.  Unless,  therefore,  every  care  against  contamination 
has  been  taken  in  the  construction  of  the  cistern,  it  is  wiser  that  the  water,  imless 
for  ordinary  culinary  operations,  should  not  be  used.  By  means  of  a  system  of 
pipes  which  forms  a  complete  circulatory  apparatus,  hot  water  is  conveyed  to 
the  different  parts  of  the  house  where  it  is  needed,  and  the  pipes  are  kept  con- 
stantly full  from  the  cistern  in  the  roof.  Reference  to  Fig.  50  and  to  the  ex- 
planation given  will  provide  the  reader  with  an  intelligent  conception  of  tlie 
principles  of  hot-water  circulation. 

The  cour.se  of  the  circulation— assuming  for  the  moment  that  the  circulation 
is  being  established  for  the  fir.st  time— is  as  follows  :  From  the  cold-wator 
house-supply-pipe  water  rises  to  the  roof-cistern,  which  it  fills  to  a  certain  leve  . 
This  level  is  regulated  by  a  ball-valve  which,  rising  with  the  water-level, 
gradually  cuts  off  the  water-supply  as  the  fixed  level  is  reached,  and  finally 
stops  the  supply  when  that  level  is  attained.    The  cistern  is  provided  with  an 
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over-flow  pipe,  wliich  is  only  operative,  however,  should,  from  any  reason,  the 
l)iill-valve  fail  to  act.  This  over-flow  pipe  is  passed  through  the  roof  to  the 
outside  of  the  building  at  a  point  usually  a  little  above  the  level  of  the  eaves. 
From  the  cistern  passes  the  cold-water  supply-pipe  to  the  boiler  in  the  kitchen- 
l  ange,  into  which  it  enters  near  its  bottom.  From  the  boiler  proceed  two  pipes — 
one  from  the  top  of  the  boiler  carrying  upwards  the  heated  water  to  the  hot- 
wat^r  reservoir,  or  hot-water  cistern  as  it  is  commonly  called,  and  another  from 
rhe  lower  part  of  the  boiler  but  at  a  higher  level  than  the  cold  supply-pipe, 
w  hich  acts  as  a  return  pipe  from  the  hot-water  reservoir.  This  reservoir  is 
usually  placed  in  the  Idtchen  near  the  roof  at  some  convenient  point,  or  in  the 


Flo.  50. — The  Figure  on  tlie  left  of  the  Diagram  illustrates  the  principles  and 
mechanism  of  Hot-Water  Supply  to  a  House.  The  Main  Supply-Pipe  conveys 
water  to  the  cistern — the  highest  jMint  of  the  circulation — and  from  this  pipe 
branches  are  connected  to  Baths,  Sinks,  Wash-Hand  Basins,  etc.  From  the 
cistern  proceeds  the  cold-water  supply-pipe  to  the  hot-water  boiler  behind  the 
kitchen-fire,  which  it  enters  close  to  its  bottom.  From  the  top  of  the  boiler 
passes  the  hot-water  pipe  to  the  reserv'oir  or  hot-water  storage-cistern  from 
which  proceeds  the  hot-water  supi)ly-pipe,  by  branches  from  which  various 
fittings  are  supplied  with  hot  water.  The  hot  water  not  required  passes  back 
by  means  of  the  hot-water  return-pipe,  in  a  partially  cooled  state,  to  the  lower 
level  of  the  hot-water  storage  cistern  to  aid  in  the  supply  to  the  hot-water 
boiler.  The  course  of  the  circulation  of  water  is  indicated  by  the  arrows. 
The  figure  on  the  right  shows  a  model  method  of  ventilating  and  keeping 
clean  the  contents  of  the  cold-water  cistern.  The  top  of  the  cistern  is  covered, 
and  a  hinged  lid  pei-mits  of  sufficient  space  for  inspection  and  repairs.  It  is 
ventilated  by  openings  in  pipes  which  open  below  in  the  cistern  in  the  air- 
space above  the  water-level,  and,  above,  into  the  open  air  above  the  roof. 

'  bathroom  where  that  apartment  is  located  in  the  flat  above  and  over  the  kitchen 
— as  is  not  uncommon  in  small  villa  houses — in  which  case  it  warms  the  bath- 
'  room.  From  the  top  of  the  reservoir  passes  the  main  hot-water  supply-pipe, 
I  from  which  branch  pipes  pass  to  the  necessary  fittings  in  the  house.  This  pipe 
I  is  continued  up  through  the  different  flats,  and  terminates  in  a  curved  ending 
'  outside  the  roof,  thus  acting  as  an  expansion-pipe.  Since  the  water  in  this  pipe 
'  will  rise  nearly  to  the  height  of  its  source,  i.e.  to  the  bottom  level  of  the  roof- 
<  cistern,  the  sanitary  fittings  in  the  top  flat  may  be  supplied  with  liot  water.  In 
order  to  maintain  the  principle  of  a  circulatory  system,  a  pipe  is  connected  with 
1  this  hot-water  pipe  near  that  level,  by  which  the  water  may  pass  back  to  the 
I  hot-water  reservoir.  This  pipe  in  plumbing  laiiguage  is  called  the  hot-return- 
\  pipe.    In  this  way,  therefore,  tlie  circulation  of  hot  water  is  maintained  so  long 
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as  the  roof-cistern  contains  water.  But  there  are  certain  risks  attacliing  to  hot- 
water  installations.  'J'heso  are  dependent  entirely  on  a  failure  of  supply  of  cold 
water  to  the  boiler.  Should  for  any  reason — as  freezing  of  the  contents  of  the 
house  branch  pipe  or  the  cistern,  or  failure  of  supply  owing  to  necessary  repairs 
in  the  street-mains — this  happen,  and  should  the  liot  water  in  the  pipes  be  drawn 
as  usual  for  the  needs  of  the  household,  the  pipes  are  gradually  emptied  and 
there  is  a  likelihood  that  steam  will  be  generated  in  the  reservoir  or  boiler  owing 
to  "  short  circuiting  "  of  the  circulation.  In  the  system  shown  in  Fig.  50  this 
is  unlikely  to  happen,  because  long  before  risk  of  explosion  has  become  imminent 
— if  such  a  risk  could  happen  at  all — attention  would  be  drawn  to  the  unusual 
condition  by  the  lack  of  hot  water  in  the  pipes  of  the  upper  rooms,  and  thus 
forewarned,  time  is  afforded  so  that  the  services  of  a  skilled  workman  can  be 
obtained.  Disastrous  explosions,  accompanied  even  by  loss  of  hfe,  have, 
however,  not  infrequently  occurred  where  certaui  forms  of  hot-water  installation 
other  than  that  shown  in  the  figure  have  existed.  Various  measmes  have  been 
proposed  to  prevent  such  occurrences.  Owing  to  the  great  household  discom- 
fort which  follows  the  withdrawal  of  the  kitchen-fire  for  even  comparatively 
short  periods  of  time,  the  following  measiu-es  have  been  proposed  to  allow  the 
kitchen-fire  being  used — viz.  the  temporary  extinction  of  the  fire  and  then  to 
block  the  passage  below  the  boiler  against  the  flames  with  a  poor  heat-conductor 
as  fine  ashes,  or  to  put  a  false  back  to  the  fire  in  the  form  of  a  sheet  of  iron 
and  to  fill  an  interspace  between  it  and  the  front  of  the  boiler  with  the  same 
non-conducting  material.  Some,  however,  have  proposed,  as  a  safe  preventive 
imder  any  circumstances,  to  put  an  escape  or  safety-valve  in  the  upper  part  of 
the  boiler  itself,  which  would  permit  the  escape  of  steam  at  its  first  formation, 
relieve  internal  pressure  in  the  boiler,  and  so  prevent  the  possibility  of  the  occur- 
rence of  an  explosion. 
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HOUSE  DRAINAGE 

The  waste  matters  which,  are  formed  in  houses  must  be  disposed  of 
by  suitable  arrangements,  and  in  populous  centres,  in  addition,  the 
refuse  accumulations  of  the  streets,  and  those  arising  from  the  keep- 
ing of  animals.  These  waste  products  are  comprehended  under  the 
following  heads — viz. 

{a)  Liquid  Refuse,  including  night-soil  and  waste-water  ; 

(6)  Ashes,  food-waste,  and  other  debris. 
The  former,  in  a  water-carriage  system,  is  called  sewage,  by  which 
is  meant  everything  which  passes  along  the  drains  or  sewers  irrespec- 
tive of  its  origin  or  character.  It  includes  waste- water,  excreta,  rain- 
water, and  trade  discharges.  The  removal  of  solid  debris  of  whatever 
kind,  but  chiefly  that  of  households,  is  technically  known  as  scavenging. 
In  most  large  populous  places,  a  water-carriage  system  of  removal 
of  sewage  and  a  scavenging  system  are  both  required. 

In  the  economy  of  Nature,  it  was  intended  that  the  excreta  of  man 
should  be  returned  to  the  soil  to  form  the  food  of  plants,  but  owing 
to  the  gregation  of  Man  this  intention  has  been  disturbed.  During 
the  Middle  Ages,  and  up  till  the  first  half  of  the  last  century,  excre- 
mentitious  products  were  accumulated  in  receptacles  situated  near 
occupied  houses,  and  because  of  these  epidemics  broke  out  and  death 
and  depreciated  health  resulted.  Even  to-day  the  conditions  respecting 
the  removal  and  disposal  of  excreta  and  house-refuse  vary.  In  villages 
and  small  towns  where  there  is  no  public  water-supply — a  condition 
which  is,  fortunately,  now  rare — excreta  are  deposited  in  a  privy  con- 
nected with  an  ash-pit,  and  after  accumulation  are  removed  for  agri- 
cultural use.  In  such  circumstances,  where  houses  are  few  and  are 
distributed  over  a  comparatively  wide  area,  and  where  the  domestic 
water-supply  is  not  obtained  from  wells  in  the  neighbourhood  of  such 
deposits,  probably  little  or  no  harm  ensues  ;  and  this  is  particularly 
true  where  earth-closets  are  in  use,  because  of  the  deodorant  and  dis- 
infectant properties  of  the  earth  used.  In  other  small  towns,  or  in 
individual  houses,  with  a  gravitation  water-supply,  and  where  there  is 
no  general  concerted  drainage  system,  although  the  sewage  of  the  house 
is  carried  away  by  pipes,  it  is  simply  discharged  into  a  cesspool  sunk 
in  the  ground,  over  an  adjacent  plot  of  land,  or  into  a  neighbouring 
nvulet.  But  in  modern  towns  and  cities,  such  conditions  have  perforce 
disappeared.  It  may  happen  that  in  certain  towns  which  have  passed 
through  different  phases  of  sewage  and  refuse  disposal,  small  areas  are 
to  be  found  in  which  the  privy  or  ash-pit  system  still  prevails  ;  but  these 
arc  becoming  fewer.  In  populous  places,  therefore,  a  well-conceived 
plan  of  sewage-convection  and  disposal  must  be  in  operation  for  the  re- 
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moval  of  human  excreta,  the  liquid  refuse  of  stables  and  cow-byres, 
refuse  fluids  from  slaughter-houses  and  manufacturing  processes,  the 
waste-water  of  houses,  and  the  rainfall. 

Leaving  aside  for 
the-  moment  the  dis- 
posal of  solid  refuse, 
attention  may  first  of 
all  be  directed  to  the 
arrangements  necessary 
in  a  dwelling  which  is 
connected  with  a  water- 
carriage  system  of 
sewage. 

The  sanitary  fittings 
necessary  in  a  dwelling 
of  the  poorest  class  are 
the  following,  viz.  :  (a)ia 
kitchen-sink  and  waste- 
water pipes;  (6)  a  water- 
closet.    In  better-class 
houses,  in  addition  to 
these  are  (c)  wash-hand 
basins,  (d)  baths,  and 
(e)  urinals.    These  fit- 
tings may  be  difEerenti- 
ated    in    respect  to 
products.     The  bath, 
rain-pipes  belong  to  the  waste- 
iirinal  to  the  other.    All  the 
with  the  waste-water 


SEWER 

Fia.  51. — Arrangements  of  Draining  a  Tenement  Property. 
WH.B.=  Wash- Hand  Basin;  BH.  =Bath;  A.P.  =  Air-Pipe  ; 
W.C.  =  Water-Closet;  D.  &  V.T.  =  Disconnecting  and  Venti- 
lating Trap  ;  Ac.  O.  =  Access-Opening  ;  E.P.  =Boof-Pipe. 


whether  they  contain  or  not  excrementitious 
wash-hand  basins,  kitchen-sinks,  and 
water  system,  the  water-closet  and 
fittings  of  the  former  system  are  connected 


pipe,  those  of  the  latter 
with  the  soil-pipe.  The 
rain  -  water  pipes  or 
conductors  may,  how- 
ever, be  separate.  The 
contents  of  waste-pipe, 
soil-pipe,  and  rain- con- 
ductors alike  are  ulti- 
mately discharged  into 
the  house  -  drain  by 
which  they  are  passed 
on  to  the  sewer.  Since 
the  contents  of  the 
house-drain,  and  more 
particularly  those  of 
the  sewer  are  in  a  state 
of  active  decomposi- 
tion, and  since  foul-smelling  and  other  gases  are  given  off  therefrom,  it 
becomes  necessary  to  interrupt  the  continuity  of  the  channels  by  the 
intervention  of  traps.  The  object  of  sanitary  fittings,  therefore,  is  not 
only  to  ensure  the  expeditious  removal  of  liquid  and  solid  excreta  and 


Flo.  -Vl  shows  a  Aloiiern  Jiatli  phictni  in  a  imsitioii  iu  a  iialli- 
room  in  accoifJance  with  modern  refiuiremciits,  viz. : — 
Standing  clear  of  walls  and  floor,  and  without  surround- 
ing wood-work. 
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waste-water  from  the  house,  but  also  the  prevention  of  the  possible 
return  of  gases  of  decomposition,  etc.,  to  the  air  of  the  dwelling. 

The  various  above-named  fittings  must  now  be  considered  with 
reference  to  their  fitness  for  the  duty  they  have  to  perform.  These 
will  be  dealt  with  under  the  heads  of  (A)  Waste-water  System,  and 
(B)  Soil-pipe  System. 

Waste-Water  System 

(A)  Belonging  to  the  former  are  (1)  Baths,  (2)  Wash-hand  basins, 
(3)  Kitchen-  and  Pantry-sinks. 


Fi(i.  03. — Bath  fitted  witli  single  exit-eliaiinel  for  waste-water  and  o-\-erflow. 


Baths. — In  the  bulk  of  houses,  the  bath  is  placed  in  the  same  apart- 
ment as  the  water-closet  and  wash-hand  basin,  owing  to  exigency 
of  space.  There  is  no  reason  of  a  sanitary  kind  which  can  be  urged 
against  the  practice,  although  there  are  of  inexpediency.  In  many 
older  houses  in  towns,  particularly  those  in  flats,  the  bath-room  is  too 
frequently  an  imperfectly  lighted,  ill-ventilated,  and  small  room  ;  in 
more  modern  dwellings,  it  is  as  it  ought  to  be,  well  lighted  and  capable 
of  being  well  ventilated.  The  bath  itself  should  stand  clear  of  the 
floor,  so  that  the  space  below  and  around  it  may  be  easily  cleaned, 
and  its  sides  should  be  placed  away  from  a  wall  for  the  same  reason ; 
and  it  should  possess  an  amply  supply  of  hot  and  cold  water,  the  former 
preferably  from  the  general  house-supply.  It  is  usually  constructed 
of  cast-iron.  From  it  the  waste-water  and  overflow  are  carried  away 
by  a  branch-pipe  to  the  waste-pipe,  on  which  branch-pipe  a  trap  is 
placed.    For  houses  which  possess  no  general  hot-water  supply,  in- 
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stantaneous  heaters  have  been  devised  for  baths,  whereby,  by  a  series 

of  Bunsen  burners  which  heat  a  con- 
voluted pipe  through  which  cold  water 
passes,  the  water  is  heated. 

Care  must  be  exercised  in  the  use 
of  these  owing  to  the  generation  of 
carbon  monoxide  gas,  which  has 
already  caused  fatal  accidents.  In 
most  modern  baths,  the  waste  and 
overflow  channels  are  combined  by 
different  makers,  as  is  seen  in  the 
figure  below.    (Fig.  55.) 

Wash-hand  Basins. — These  fittings 
are  but  miniature  baths  adapted  in 
shape  and  in  position  for  the  purpose 
intended.  The  fittings  of  a  basin 
ought  to  be  exposed,  like  those  of 
the  bath,  for  the  purposes  of  cleanli- 
ness and  the  better  detection  of  leaks. 
The  "  tip-top  "  basin,  which  being 
mounted  on  a  swivel  may  be  quickly 
emptied,  is  a  useful  contrivance, 
inasmuch  as  the  sudden  rush  of  out- 
flowing water  assists  to  keep  the 
pipes  clean.  The  "  aseptic  "  basin 
of  Shanks  &  Co.,  intended  for  hospital 
use,  is  an  ingenious  arrangement  for 
hand-sterilisation. 

The  Maxtone-Thom  Water -Tap  or 
Mixer. — This  tap,  which  is  the  inven- 
tion of  Dr  Maxtone-Thom  of  the 
Eoyal  Infirmary,  Glasgow,  presents 
some  novel  features.  (Fig.  56.)  Originally  devised  for  the  use  of  sm-geons, 
it  will  prove  of  ex- 
cellent service  for 
baths  and  wash- 
basins. The  bulb- 
ous portion  contains 
the  mixer  into  which 
passes  the  cold-water 
and  hot-water  sup- 
plies. The  hot  and 
cold  water  valves  in- 
side the  mixer  face 
each  other,  while  a 
disc,  which  is  fixed 
on  the  handle  and 
which  has  inclined 
planes,  is  situated 
between  these  valves 
the  upper,  the  hot 


Fio.  54. — Section  of  Bath,  showing  ar- 
rangements  for  waste-water  and  over- 
flow, with  trap.  When  the  water  in 
lining  the  bath  rises  higher  than  the 
lower  margin  of  the  dark  shading  to  the 
right  of  the  Figure,  it  flows  over  directly 
into  the  trap  by  the  channel  seen  on 
section  at  right  margin  of  Figure. 


Fici.  5r>.— Bathroom  fitted  with  Water-heater. 
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inclined  plane  on  the  lower  part  of  the  disc  impinges  on  the  cold- 
water  valve  and  gi-adually  raises  it.    When  it  is  running  full,  the  inclined 


I 


^NiF  You-  5ni. 


Fig.  5fi. 


plane  on  the  upper  surface  of  the  disc  impinges  on  the  hot-water  valve 
and  gradually  raises  it.    At  the  same  time  the  cold-water  valve  is 


Fin.  57.— Elevation  of  "Aseptic"  Wash-Basin. 

gradually  closed ;  and  if  the  handle  be  turned  further,  it  is  completely 
closed.    When  the  cold-water  valve  is  closed,  the  hot-water  valve  is 


Fir;.  .08.— Section  (lonsitiulinal)  of  "Aseptic' 
Wa.sh-Basin,  with  waste-water  atul  over-Hov 
exit-channel  provided  as  in  Baths. 


Fio.  .j9. — Buchan's  Grease-Trap. 


running  full.  In  turning  the  handle  in  the  opposite  direction  the 
process  is  simply  reversed.  The  handle  being  removable,  once  the  pro- 
per temperature  of  water  is  running  and  the  handle  removed,  the  top 
cannot  be  tampered  with,  and  thus  scalding  accidents  are  prevented. 


230 


PUBLIC  HEALTH 


Kitchen-  and  Pantry-Sinks.— These  are  best  made  of  enamelled  iron 
or  earthenware,  ought  to  be  sufficiently  capacious  and  of  oblong 
shape,  and  the  grated  and  perforated  waste-pipe  grated  opening  ought 
not  to  have  too  large  openings,  to  prevent  solid  detritus  being  swept 
through  and  thus  blocking  the[traps.    Its  fittings  should  stand  open. 


<  2.^0-  y 

FiQ.  GO. — The  Winser  Grease-Trap  with  a  flushing-rim,  in 
connection  witli  a  small  tlushing-tank. 


It  should  not  be  surrounded  by  woodwork,  because  such  hides  an  accum- 
ulation of  dust  and  decomposing  soapy  and  other  materials.  Since 
from  such  sinks  greasy  fluids  are  passed  into  the  waste-pipe  and  dr^iins, 


QREASt  eOK 


Fig.  fil  is  intended  to  illu.strate  the  connections  between  the  kitchen-sink,  waste-pipe, 
and  grease-trap.  It  is  to  be  noted  that  the  grease-traps  are  placed  in  the  Figures 
higher  than  they  should  be  with  relation  to  the  flooring,  solely  for  convenience  of 
diagram-space.  This  is  indicated  by  the  severance  in  continuity  of  the  waste-pipe  before 
it  enters  the  grease-box  or  trap. 

and  since  these  are  liable  on  cooling  to  coat  the  pipes  and  trap,  and  thus 
produce  blocking,  special  arrangements  must  be  made  for  preventini: 
this.  The  device  usually  adopted  is  a  special  form  of  trap  of  which 
Buchan's  is  probably  one  of  the  best.    Fig.  59  is  an  illustration  of  it. 

The  inlet  is  marked  by  A,  and  the  arrow.-?  indicate  the  direction  of  flow  of 
fluids ;  B  is  the  grease-chamber  in  which  fatty  matters  solidify,  and  from  whicli 
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thev  may  be  removed  periodically  by  the  movable  cover  E  ;  G  the  outlet,  by 
wliich  e/eitse-froe  water  passes  mto  the  house-di-ain  ;  D  and  P  are  openmgs  by 
which  the  trap  may  f m-ther  be  cleansed.  The  congelation  of  the  fatty  matter  is 
■assisted  by  making  the  inlet  of  the  trap  higher  than  the  outlet,  and  the  tongue  ot 
the  trap  nearest  the  outlet  lower  than  that  nearest  the  uilet.  The  trap  is  placed 
in  an  accessible  position  for  cleansing,  and  serves  efficiently  its  object. 

The  contents  of  these  fittings  are  discharged  into  the  Main  Waste- 
Water  Fife.  This  pipe  may  be  made  to  pass  downwards  from  the 
highest  fitting  either  on  the  inside  of  the  house-wall  or  on  the  outside. 
Provided  that  at  its  lowest  part  it  passes  to  the  exterior  of  the  house, 
and  that  it  is  disconnected  from  the  house-drain  either  by  opening 


Fia.  02.— To  illustrate  the  relations  of  ventilation  of  soil-pipe  and  waste-pipe  to 
windows  and  chimneys  of  dwellings.  In  Building  Regulations  of  various  towns 
and  cities,  the  upper  end  of  soil-pipes  must  not  be  less  than  8  feet  clear  of 
windows.  No  soil-pipe  terminus  should  be  within  3  feet  over  or  under  a  chimney- 
top.  Waste-pipe  termini  should  not  be  less  than  5  feet  from  a  window  or  chimney, 
or  less  than  3  feet  if  the  window  or  chimney  be  within  a  radius  of  20  feet. 

over  a  trapped  gully  or  into  a  ventilating  trap,  no  strong  objection 
can  be  offered  to  its  being  placed  on  the  inside.  Indeed,  there  are 
advantages  associated  with  this  latter  location  :  its  joints  are  less  sub- 
jected to  alternate  expansion  and  contraction  from  heat  and  cold, 
and  are,  therefore,  less  liable  to  be  loosened,  the  pipe  itself  is  less  liable 
to  become  warped,  and  its  contents  less  likely  to  be  frozen  in  winter. 
It  is  an  open  question  whether  a  waste-pipe  should  be  made  to  discharge 
its  contents  in  the  open  over  a  grated  gully  at  the  ground-level,  or 
should  be  made  to  do  so  into  a  ventilating  trap  below  that  level.  The 
determining  factor  ought  to  be  the  exposure  of  the  pipe  in  respect 
of  the  points  of  the  compass.  If  the  exposure  is  on  the  south  or  west, 
the  open  method  is  probably  the  better  ;  if  on  the  north  and  east, 
the  underground  method.  The  reason  for  this  is  the  liability  of  the 
mouth  of  the  grated  gully  to  become  frozen  over,  if  blocked  by  partial 
obstruction,  and  succeeding  discharges  of  waste-water  from  the  house- 
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fittings  to  be  diverted  over  the  surface  of  courtyard  or  pavement  instead 
of  passing  into  tlie  house-drain. 

Rain-Water  Conductors— Those  pipes  belong  to  the  waste-water 
system.  In  many  cases  they  are  formed  by  an  extension  upwards 
to  the  eaves  of  the  w^aste-pipe,  where  they  are  connected  to  the  eaves- 
channels.  But  in  large  buildings,  they  are  also  found  as  separate 
pipes.  If  they  are  joined  to  the  house-drain  as  they  usually  are,  they 
must  be  trapped,  especially  where  at  the  eaves  they  are  in  "close  prox- 
imity to  attic  or  other  windows.  Their  contents  are  commonly  dis- 
charged into  court-yard  gullies,  which  are  made  of  special  form  to  arrest 
any  solid  matter  which  may  be  carried  into  them  by  the  rainfall.  This 
solid  residue  is  periodically  removed. 

From  the  foregoing,  therefore,  the  following  principles  may  be 
enunciated :  firstly,  that  all  fittings  which  discharge  waste-water 
should  be  connected  with  a  waste-pipe  only ;  secondly,  there  ought  to 
be  no  communication  between  waste-water  fittings  and  the  soil-pipe 
system. 

It  has  been  iirged,  however,  by  some  sanitary  engii\eers  that  there  is  no  need 
whatever  for  two  parallel  pipes  from  a  bath-room,  one  for  carrying  away  wast* 
fluids  and  the  other  night-soil,  provided  that  the  plumbing  workmanship  is 
thorough,  and  that  it  has  been  subjected  to  a  sufficient  test  to  establish  its 
efficiency.  Such  argue  that  both  pipes  are  more  or  less  foul,  they  both  carry 
fluids  of  different  degrees  of  pollution,  and  both  have  the  same  destiny  ;  why, 
therefore,  since  each  fitting  which  is  connected  with  the  separate  waste-  and 
soil-pipes  at  present  is  separately  trapped  by  a  ventilated  trap,  need  there  be 
more  than  one  main  pipe  which  should  combiae  the  duties  of  waste  and  soil- 
pipe  ?  Much  can  be  said  in  favour  of  this  view  ;  first,  it  reduces  the  nvunber  of 
channels  connecting  the  house-fitting  with  the  house-drairl ;  second,  the  soil- 
products  would  be  better  flushed  into  the  house-drain  ;  and,  generally,  removal 
of  all  products  would  be  simphfied.  These  are  legitimate  argimients  when  the 
integrity  of  these  channels  can  be  assured  by  periodic  testing,  as  ought  to  be 
done,  but  so  long  as  such  channels,  their  branch  connections,  and  their  traps  are 
liable  to  imperfect  construction,  and  are  not  tested  at  periodic  intervals,  the 
connection  of  waste-water  fittings  to  a  soil-pipe  would  multiply  the  chances  of 
sewer -air  and  foul  gases  gaining  an  entrance  into  houses.  Until,  therefore, 
such  periodic  testing  of  sanitary  fittings  becomes  a  more  prevalent  practice,  it  is 
safer  to  have  separate  channels  or  pipes  to  carry  away  waste-water  and  excretal 
products  respectively,  and  to  disconnect  the  former  pipe  from  the  house-drain 
before  its  entrance  thereto. 

Soil -Pipe  System 

(B)  Soil- Pipe  System. — The  fittings  in  the  dwelling  which  belong 
to  this  system  are  the  following  :  (1)  Water-Closet  and  Slop-Closet ; 
(2)  Urinal ;  (3)  Main  Soil-Pipe. 

Water-Closet. — The  apartment  in  "which  this  fitting  is  placed  ought 
to  be  capable  of  free  ventilation.  For  tenements,  where  the  apart- 
ment is  used  by  many  peraons,  the  system  of  "  cross  "  ventilation, 
which  may  be  secured  by  providing  windows  in  the  walls  of  the  apart- 
ment at  right  angles  to  the  doorway,  is  the  best.  Every  apartment 
of  this  kind  should,  compatible  with  personal  comfort,  be  abundantly 
flushed  with  air.  In  most  "  flatted  "  houses  of  four  or  more  rooms 
of  the  older  type,  this  apartment  is  supposed  to  be  ventilated  by  a 
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window  which  opens  upon  the  landing  of  the  common  stairway.  As  a 
matter  of  fact,  however,  by  reason  of  the  higher  temperature  of  the 
house  interior,  the  direction  of  the  current  of  air  is  from  the  window 
in  question  through  the  closet  apartment  into  the  dwelling  itself.  In 
more  modern  dwellings,  the  position  of  this  apartment  has  been  im- 
proved, but  the  mode  of  ventilation,  in  the  above  respect,  is  not  different. 

In  the  Model  Bye-laws  issued  by  the  Scottish  Association  for  the  National 
Registration  of  Plumbers,  it  is  suggested  that  no  water-closet  should  be  placed 
in  an  apartment  which  has  not  an  external  wall  for  one  of  its  sides,  and  which 
does  not  contain  a  ^vindow  in  such  wall  of  at  least  6  superficial  feet  of  glass, 
and  which  has  not  one  half  of  the  window  made  to  open  ;  such  apartments  in 
top-flats,  however,  may  be  lighted  and  ventilated  from  the  roof.  The  object  of 
this  is  to  provide  better  faciUties  for  placing  the  soil-pipe  on  the  wall  outside  of 
the  dwelling.  In  Section  251  of  the  Burgh  PoUce  (Scot.)  Act,  1892,  the  above 
provisions  are  enacted.  In  Section  53  of  the  Glasgow  Buildings  Regulations 
Act,  1900,  the  minimiun  window-space  is  fixed  at  6  superficial  feet,  the  window 
being  constructed  to  open  to  the  extent  of  at  least  one  half.  The  Regulations 
of  Aberdeen  and  Greenock  contain  like  provisions  to  the  above  model  bye- 
law  in  respect  of  the  position  of  the  water-closet  apartment,  but  the  lighting 
and  ventilation  must  be  sufficient,  although  the  particulars  of  the  window- 
dimensions  are  not  specified. 

Dm-ing  the  last  twenty-five  years  the  water-closet  has  undergone 
a  variety  of  changes,  and  that  toward  perfection.  Although  its  use 
was  not  unknown  in  the  days  of  Pompeii,  and,  in  isolated  instances, 
in  this  country  in  the  sixteenth  century — as,  for  example,  "  A  Priuie 
in  Perfection,"  the  plans  and  working  parts  of  which  are  described  by 
Sir  John  Harington  in  a  work  entitled  "  A  New  Discourse  of  a  Stale 
subject  called  the  Metamorphosis  of  Ajax,"  1596  ^ — the  first  water- 
closet  was  patented — a  valve  closet — ^in  1775  by  Alexander  Cum- 
mings.  Bramah,  the  famous  mechanician,  also  invented  a  valve  closet 
which  is  still  called  by  his  name.  Since  then,  many  patterns  have  been 
invented  and  many  patents  taken. 

The  closets  in  use  at  the  present  time  belong  to  one  of  four  different 
classes — viz. 

(a)  The  valve  closet ; 

(6)  The  pan  closet ; 

(c)  The  hopper  closet ; 

id)  The  "  flush  "  closet. 
The  Valve  Closet. — The  chief  merit  of  this  form  is  that  the  con- 
tents are  suddenly  projected  into  the  trap  on  release  of  the  valve,  and 
the  chief  objection,  that  the  valve  is  liable  to  be  unfitted  from  the 
valve-seat  by  any  substance  which  becomes  lodged  at  the  valve-seat, 
thereby  allowing  leakage  of  the  water  which  should  remain  in  the 
fitting.  Except  in  the  case  of  one  or  two  specially  good  forms,  the 
valve-closet  has  largely  gone  out  of  use.    (Fig.  63.) 

The  Pan  Closet. — This  form  is  still  largely  used,  but  is  not  now 
being  put  into  new  houses,  the  more  modern  forms  taking  its  place.  Its 
installation  into  new  buildings  or  old  buUdings  remodelled  is  prohibited 
by  the  Model  Bye-laws  of  the  English  Local  Government  Board.  Bye-law 
65  of  the  Glasgow  Buildings  Regulations  Act  forbids  that  any  container 

1  B.M.J. ,  vol.  ii.  1900,  p.  1861  et  seq. 
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or  other  similar  fitting  should  be  placed  beneath  the  closet-basin  ;  each 
closet  must  be  provided  with  a  suitable  trap,  but  no  D-trap  or  lead 


Fio.  03.— Valve  Closet,  Section  and  Elevation. 


mid-feather  trap  shall  be  regarded  as  suitable.  It  is  composed  of  the 
following  parts,  viz.  :   (1)  an  earthenware  basin ;   (2)  a  copper  pan 


Fig.  64.— Tylor's  Wash-down  Closet. 
The  basin  is  purposely  widened 
to  enable  the  apparatus  to  be 
used  also  as  a  slop-closet. 


Fig.  65. — Section  of  a  Wa.sh- 
out  Closet. 


which  forms  the  bottom  of  the  basin,  and  by  which  a  certain  amount 
of  water  is  retained  in  the  basin ;  (3)  the  receiver,  trunk,  or  container 


Fig.    G6.— Section  of  a  Wa.sli- 
down  Closet. 


—  -   22 

t  tS-'^'A  /V  S/sf  Hmcto  Set 


Fio.  C".— Section  of  Wash-down  Closet  showing 
the  Closet  lltted  in  position. 


composed  of  rough  cast  iron,  into  which  (1)  and  (2)  arc  fitted  ;  and 
(4)  the  trap.  The  handle  of  the  closet  which  is  pulled  upwards,  operates 
at  the  same  time  to  open  the  cistern  for  flush  water  and  to  depress 
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the  pan,  thus  emptying  and  flusliing  the  pan  at  one  pull.  The  obvioiis 
objections  to  it  are,  first,  that  it  is  composed  of  too  many  parts  ;  second, 
that  the  very  parts  which  require  cleansing  are  most  difficult  of  access, 
and  third,  that  the  trunk  or  receiver  becomes  coated  with  excreta,  and 
because  of  its  greater  width  and  area  than  the  pan,  cannot  be  flushed 
with  water.  Whether  the  trap  attached  to  it  be  a  D-trap  or  an  S-trap, 
it  is  a  most  objectionable 
form  of  fitting,  and  it 
ought  to  be  removed  from 
houses. 

The  Hopper  Closet. — 
These,  especially  the  long 
conical  hopper,  have  fallen 
into  desuetude ;  the  long 
hopper  particularly,  since 
it  is  impossible  to  clean 
it  with  any  flush  of  water. 
Less  objection  can  be 
offered  to  the  short 
hopper,  provided  the 
water-flush  be  sufficient. 

Flush  Closets. — These 
ar|  best  when  composed 
ofjjOne  piece  of  earthen- 
ware, since  trap  and  closet 
b4ng  combined  there  are 
no  joints  liable  to  become 
loosened.  Such  appara- 
tm,  when  fitted  with  a 
movable  hinged  seat,  may 
serve  the  purposes  of  a 
urinal  and  slop  -  closet. 
They  bave  no  mechanism 
to  get  out  of  order,  they 
can  be  fitted  in  position 
without  any  surrounding 
wood-work,  and  they  can 
be  easUy  cleaned. 

They  are  divisible  into 
two  main  forms,  depend- 
ing upon  the  mode  of 
action  of  the  water-flush 

upon  their  contents,  and  they  are  called  Wash-out  and  Wash-down 
closets  respectively.  In  the  wash-out  closet  the  excreta  are  deposited 
upon  a  projecting  ledge  within  the  basin,  and  because  of  the  action 
of  the  water-flush  in  washing  out  such  deposit  into  and  throiigh 
the  trap,  it  receives  the  above  name.  In  the  other  class  the  action 
of  the  flush  is  to  wash  down  the  excreta  through  the  trap,  since 
primarily,  in  this  form,  the  excreta  are  deposited  straight  into  the 
water  of  the  trap.  It  is,  therefore,  apparent  that  with  an  insufficient 
water-flush  there  is  more  liltelihood  of  imperfect  action  in  the  wash- 


Fia. 


68.— Elevation  of  tlie  "Levern"  Siphonic  Closet,  and 
section  of  basin  and  connection  with  brancli-pipe. . 
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out  tlian  in  the  wash-down  closet,  and  since  part  of  the  force  of 
the  flush  is  spent  in  overcoming  the  extra  resistance  of  the  ledge 
and  m  sweeping  the  contents  into  the  trap,  the  excreta  may  be  left 
in  the  water  of  the  trap,  instead  of  having  been  swept  through  it  and 
into  the  soil-pipe.  Where  however  the  water-flush  is  sufficient, 
there  is  little  to  choose  between  them  in  respect  of  efficiency.    Of  this 

same  type  of  closet,  but 
with  special  arrangements 
for  emptying,  is  the  "  Si- 
phonic  "  Closet,  which  is 
so  called  because  the  con- 
tents of  the  basin  are 
emptied  by  siphonic 
action.  In  its  most 
modern  form  it  is  a  good 
closet.  The  action  of  the 
siphon  is  started  by  the 
direct  action  of  the  water 
from  the  flush-pipe.  In 
the  "  Levern  "  closet,  the 
lower  part  of  the  long  leg 
of  the  siphon  is  of  patented 
construction  and  is  made 
of  lead. 

A  necessary  part  of 
such  a  closet  is  an  efficient 
cistern,  which  is  commonly 
sold  by  the  •  makers  as 
part  of  the  fitting  in  order 
to  ensure  effective  action. 
The  objection  to  these 
closets  which  operate  by 
siphon  action,  is  that  the 
siphon  action  may  be  initi- 
ated by  throwing  in  slop 
or  other  waste  water,  and 
thus  the  trap  may  be  left 
unsealed.  This,  however, 
has  been  overcome  in  one 
of  two  ways,  viz.  :  (a) 
either  by  introducing  an 
anti-siphonage  pipe  which 
prevents  the  action  of  the 
siphon  except  by  the  flush 
set  agoing  in  the  ordinary 
way  ;  or  [b)  by  fitting  it  with  Dicksee's  patent  arrangement,  whereby, 
if  the  siphon  action  is  set  up  by  the  addition  of  extraneous  water, 
cistern  action  is  simultaneously  set  up,  and  thus  the  trap  is  kept  full 
of  water.  While,  therefore,  between  wash-out  and  wash-down  closets 
with  good  flush  there  may  be  little  to  choose,  preference  on  the  whole 
ought  to  be  given  to  the  wash-down  form,  since  more  efiective  flushing 


Fio.  69.— Section  of  "  Ijeveni  "  Siphonic  Closet,  showing 
siphon  arrangements. 
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of  trap  and  contents  results.  But  sucli  apparatus  must  be  periodically- 
cleansed,  else  the  inside  of  the  trap,  so  far  as  it  can  be  seen,  becomes 
coated  with  deposit ;  and  the  best  material  for  the  purpose  is  a  strong 
solution  of  washing-soda  applied  by  means  of  a  closet-brush. 

The  characteristics  which  a  good  closet  ought  to  possess  are  the 
following,  viz.  :  (1)  It  should  be  of  such  a  form  as  to  enable  easy  and 
perfect  dislodgment  of  contents  by  the  water-flush  ;  (2)  It  should  possess 
a  sufficient  trap  ;  (3)  All  its  parts  should  be  accessible  for  cleansing ; 
(  l)  The  water-flush  should  be  ample. 

For  schools  and  public  conveniences  trough  closets  are  used.  In 
these  the  basins  open  into  a  continuous  water-receptacle  which  extends 
the  whole  length  of  the  number  of  closets.  They  are  either  periodically 
flushed  by  an  attendant,  or  by  an  automatically- acting  flush  cistern, 
when  the  contents  of  the  water-receptacle  are  swept  through  the  trap 
at  the  outlet  end  into  the  drain. 

In  certain  towns,  as  Birmingham,  closets  are  fitted  for  rows  of  houses 
upon  the  same  principle,  and  the  flush  is  obtained  by  the  waste-water 
of  the  houses,  which  is  passed  into  a  tank  at  the  end  of  the  row  furthest 
from  the  sewer.  On  the  automatic  action  of  the  cistern  when  full  the 
contents  are  swept  into  the  sewer. 

Provision  of  Sanitary  Conveniences  for  Workshops  and  Factories 
under  the  Factory  and  Workshop  Act,  1901. 

In  pursuance  of  the  terms  of  section  9  of  the  Factory  and  Workshop 
Act,  1901,  the  Home  Secretary  issued  an  order  which  deals  with  the  pro- 
visions of  sanitary  conveniences  in  places  coming  within  that  Act,  called — 

The  Sanitary  Accommodation  Order  of  4th  February,  1903,  in 
which  it  is  determined  that  the  accommodation  in  the  way  of 
sanitary  conveniences  provided  in  a  factory  or  workshop  shall  be 
deemed  to  be  sufficient  and  suitable  within  the  meaning  of  section  9 
of  the  Act  if  the  following  conditions  are  complied  with,  and  not 
otherwise  : — 

1.  In  factories  or  workshops  where  females  are  employed  or  in 

attendance,  there  shall  be  one  sanitary  convenience  for  every 
25  females. 

2.  In  factories  or  workshops  where  males  are  employed  or  in 

attendance  there  shall  be  one  sanitary  convenience  for  every 
25  males  ;  provided  that — ■ 

(a)  In  factories,  etc.,  where  the  number  of  males  employed  or  in 
attendance  exceeds  100,  and  sufficient  urinal  accommodation 
is  also  provided,  it  shall  be  sufficient  if  there  is  one  sanitary 
convenience  for  every  25  males  up  to  the  first  hundred,  and  one 
for  every  forty  thereafter. 

(6)  In  factories,  etc.,  where  the  number  of  males  employed,  etc., 
exceeds  500,  and  the  district  inspector  of  factories  certifies 
in  writing  that  by  means  of  the  check  system,  or  otherwise, 
proper  supervision  and  control  in  regard  to  the  use  of  the 
conveniences  are  exercised  by  persons  specially  appointed 
for  that  purpose,  it  shall  be  sufficient  if  one  sanitary  conven- 
ience is  provided  for  every  60  males,  in  addition  to  sufficient 
urinal  accommodation.  Any  certificate  given  by  an  inspector 
shall  be  kept  attached  to  the  general  register,  and  shall  be 
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liable  at  any  time  to  be  revoked  by  notice  in  writing  from  the 
inspector. 

In  calculating  the  number  of  conveniences  required  by  the 
Order,  any  odd  number  of  persons  less  than  25,  40,  or  60, 
as  the  case  may  be,  shall  be  reckoned  as  25,  40,  or  60. 

Every  sanitary  convenience  shall  be  kept  in  a  cleanly 
state,  shall  be  sufficiently  ventilated  and  lighted,  and  shall 
not  communicate  with  any  workroom  except  through  the  open 
air,  or  through  an  intervening  ventilated  space  : — 

Provided  that  in  workrooms  in  use  prior  to  1st  January, 
1903,  and  mechanically  ventUated  in  such  manner  that  air 
cannot  be  drawn  into  the  workroom  through  the  sanitary  con- 
venience, an  intervening  ventilated  space  shall  not  be  required. 

3.  Every  sanitary  convenience  shall  be  under  cover  and  so  parti- 

tioned off  as  to  secure  privacy,  and  if  for  the  use  of  females 
shall  have  a  proper  door  and  fastenings. 

4.  The  sanitary  conveniences  in  a  factory  or  workshop  shall  be 

so  arranged  and  maintained  as  to  be  conveniently  accessible 
to  all  persons  employed  therein  at  all  times  during  their 
employment. 

5.  Where  persons  of  both  sexes  are  employed,  the  conveniences 

for  each  sex  shall  be  so  placed  or  so  screened  that  the  interior 
shall  not  be  visible,  even  when  th.e  door  of  any  convenience 
is  open,  from  any  place  where  persons  of  the  other  sex  have 
to  work  or  pass ;  and,  if  the  conveniences  for  one  sex  adjoin 
those  for  the  other  sex,  the  approaches  shall  be  separate. 

6.  This  order  shall  come  into  force  on  1st  July,  1903,  and  may  be 

referred  to  as  the  Sanitary  Accommodation  Order  of  4th  Feb- 
ruary 1903. 

The  Water-Flush.~Th.Q  amount  of  water  to  be  used  as  flush  at  each 
time  of  using  a  closet  ought  not  to  be  less  than  two  gallons,  and,  when 
possible,  should  amount  to  three  gallons.  It  should  reach  the  basin 
of  the  closet  by  a  pipe  of  not  less  than  Ih  inches  in  diameter.  The  cistern 
which  supplies  the  flush  should  hold  the  quantity  needed,  should 
be  set  in  action  by  the  user  of  the  closet,  should  be  beyond  his  control 
from  the  time  of  initiation  till  the  completion  of  the  act  of  flushing, 
and  should  supply  no  other  fitting  than  the  closet.  Any  other  arrange- 
ments than  these  are  objectionable.  If,  for  example,  the  flush  supply 
is  obtained  from  the  cistern  for  the  house  hot-water  supply,  and  if  there 
be  no  arrangement  for  the  regulated  use  of  the  needed  quantity,  either 
too  much  or  too  little  water  is  used.  To  overcome  this  proverbial 
carelessness,  arrangements  in  the  mechanism  of  the  closet  have  been 
made  whereby  the  flushing  is  set  in  operation  by  closet-seat  action. 
Fig.  71  illustrates  this. 

But  of  all  the  arrangements  in  existence  probably  the  best  is  that 
which  secures,  that  when  the  operation  of  flushing  is  started  it  goes 
on  to  a  finish  without  the  attention  or  control  of  the  initiator.  In  public 
conveniences,  the  siphon  cistern  which  acts  periodically  and  auto- 
matically is  used.  The  cistern  is  usually  situated  against  the  \yaU 
several  feet  above  the  closet  to  give  the  water-flush  sufficient  velocity, 
but  the  action  of  such  a  cistern  is  usually  accompanied  by  much  noise. 
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To  overcome  this,  and  where  the  arrangement  of  the  apartment  will  not 
permit  the  introduction  of  a  high-placed  cistern,  a  combination  of 
closet  and  cistern  has  been  made.  Fig.  74  is  an  illustration  of  the 
elevation  plan  of  the  fitting.  It  is  claimed  for  this  cistern  that  it  is 
noiseless  in  action,  discharges  the  full  flush  suddenly,  and  that  the  mere 
movement  of  a  lever,  seen  on  the  left  side  of  the  cistern,  secures  the 
discharge  of  the  whole  contents  of  the  cistern  into  the  closet-basin. 


Fio.  70.— Section  of  Trough  Closets  and  Fittings. 


It  has  already  been  observed  that  a  water-closet  provided  with  a 
hinged  seat  may  be  utilised  as  a  slop-closet ;  but  it  has  one  drawback 
where  many  slop-vessels  have  to  be  emptied,  and  that  is,  there  is  not 
provision  for  washing  clean  the  utensils  after  emptying.    The  arrange- 


Fio.  71. — Elevation  of  Closet,  Fio.    72. — Field's  Automatic  Flush- 

in    which    flush    is    auto-  Tank, 
niatically   started    by  the 

user.  ■ 


nient  shown  in  Fig.  75  is  a  fitting  by  Doulton  for  this  purpose.  Such 
apparatus  is  of  great  service  in  a  large  private  house,  in  hotels,  and  in 
hospitals.  Another  contrivance  for  use  in  isolation  hospitals  which 
can  be  fitted  to  the  slop-closet,  is  a  grid  with  perforated  openings, 
which,  when  turned  down  over  the  slop-basin  and  the  utensil  placed 
over  it  mouth-downwards,  throws  upward  streams  of  water  into  the 
vessel,  and  thus  thoroughly  cleanses  it  without  the  application  of  the 
hand,  or  other  instrument. 

The  Closet  Cistern  ought  to  combine  the  following  requirements, 
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viz.  :  (1)  To  supply  at  each  time  of  action  three  gallons  of  water  •  (O] 
To  fill  rapidly  after  being  emptied ;  (3)  To  project  the  water  suddenrv 


Section 


ri(i.  74.— SlinnUs  &  Co.'.s  Combination  Closet, 


and  forcibly  into  the  closet ;  and  (4)  To  supply  the  same  quantity  of 
water  at  each  action,  irrespective  of  the  user  of  the  apparatus. 

The  water-closet  is  joined  to  the  soil-pipe  by  means  of  a  branch-pipe 
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which  is  composed  usually  of  lead.  The  closet  itself  being  earthenware 
;iad  the  branch-pipe  lead,  attention  must  be  given  to  the  mode  of 
joining  the  two  together,  since 


by  imperfect  junction  sewer- 
air  and  sewer  -  gases  would 
obtain  entrance  into  the  apart- 
ment. Too  commonly,  the 
materials  used  are  red  lead 
■ement  and  cloth.  Owing  to 
lie  difierent  ratios  of  expan- 
sion by  heat  of  lead  and 
eaithenware,  this  very  soon 
becomes  insufficient.  This 
difficulty  has,  however,  been 
nvercome  by  the  new  metallo- 
keramic  joint,  which  is  com- 
posed of  a  combination  of 
white  metals,  and  forms  not 
only  at  first  a  perfect  connec- ' 
tion  but  also,  from  observa- 
tions we  have  made,  a  durable 
connection. 

The  Soil-Pipe.—The  pipe 

which  is  solely  employed  for  i-5.— Slop-Closet  ntted  with  gud  for  washing 

the  convection  of  excreta  from         slop-utensils.    it  saves  the  use  of  the  hands. 

a  house  is  called  the  soil-pipe. 

It  is  composed  of  lead  or  iron,  most  usually  of  the  latter.  When  of 
the  former,  its  joints  are  rounded  or  flanged  ;  when  of  the  latter,  the 

joints  are  "filled  "  with  lead. 
No  soil-pipe  should  be  less  than 
3i  inches  internal  diameter. 
If  of  lead,  it  should  weigh  not 
less  than  7  lbs.  per  square  foot,  if 
of  iron,  54  lbs.  per  6-foot  length. 
The  joints  between  the  lead  pipe 
and  vitrified  material,  in  the 
case  of  lead,  should  be  made  by 
means  of  a  brass  ferrule  which 
has  an  end  flange  of  like  dia- 
meter to  the  faucet  of  drain-pipe. 
The  lead  pipe  passes  through  the 
ferrule  and  is  soldered  thereto 
by  means  of  a  wiped  or  burnt 
joint.  This  produces  a  better 
and  more  rigid  joint  than  any 
other  method.  In  the  case  of 
iron,  the  joints  are  made  with 
rope  yarn  and  molten  lead. 
Hince  the  soil-pipe  is  employed  for  the  above  purpose,  it  should  be 
placed  on  the  outside  of  the  house-wall.  Each  closet,  slop-closet,  and 
urinal-fitting  in  the  house  is  connected  to  it  by  means  of  a  branch- 

Q 


Fifi.  7('>  represents  an  excellent  type  of  Clstorn- 
"  Reliable  "  Waste-l'reventer. 


■the 
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connection  which  is  trapped  between  the  point  of  connection  and  th* 
fitting,  usually  near  the  fitting  itself.  Fig.  62  represents  the  positioi: 
of  the  soil-pipe  on  the  house-wall.  The  soil-pipe  should  extend  froin 
a  point  three  to  five  feet  above  the  eaves  to  below  the  level  of  tin 
ground  where  it  is  joined  to  the  house-drain.  Its  diameter  should  b( 
the  same  throughout  its  whole  length,  and  curves  and  angles  should 
be  avoided  lest  accretions  of  filth  form  in  its  interior  at  such  points, 
and  also  in  order  that  ventilation  through  it  is  not  reduced. 

The  diameter  of  the  pipe  must  depend  upon  the  work  it  has  to  do. 
and  therefore  must  be  relative  in  size  to  the  number  of  fittings  whicli 
empty  into  it.    For  an  ordinary  house  of  two  or  three  flats  a  4-inch 


Fia.  77. — To  illu.strate  mode  of  uniting  a  lead  with  an  iron  pipe  by 
means  of  a  brass  ferrule. 

pipe  will  be  ample ;  but  for  larger  buildings,  such  as  hotels,  barracks, 
etc.,  a  6-inch  pipe  may  be  required.  The  topmost  opening  should  not 
be  near  attic  windows  :  if  its  course  should  run  in  such  a  direction,  the 
top  of  it  ought  to  be  carried  for  at  least  three  feet  above  the  window. 

At  some  point  between  the  junction  of  the  soil-pipe  with  the  house- 
drain  and  the  sewer  a  disconnecting-trap  is  commonly  placed,  in  order 
that  by  the  ventilating  opening  of  the  trap  air  may  enter  and  pass 
through  the  whole  shaft.  It  has  been  a  common  practice,  indeed, 
to  place  the  disconnecting-trap  at  the  point  of  junction  of  soil-pipe 
and  house-drain.  Objections  have  been  offered,  however,  to  placing 
a  trap  in  this  position,  particularly  at  the  point  of  junction  of  pipe 
and  house-drain,  since  resistance  is  offered,  it  is  urged,  to  the  free  egress 
of  sewage  from  the  house  sewer- wards.  But  if  ventilation  of  the  soil-pipe 
is  to  be  secured,  it  must  be  effected  either  in  this  way  or  by  erecting 
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•I  separate  ventilating  shaft  to  allow  of  the  liberation  of  pressure  of 
air  which  may  take  place  in  the  sewer.  If  the  ventilation  of  the  sewer 
itself  be  ample,  however,  it  is  contended  that  there  is  no  likelihood 
of  pressure  forming  therein  sufficient  to  force  the  traps  of  the  fittings, 
which  are  joined  to  the  soil-pipe.  There  is,  at  the  same  time,  another  ob- 
jection to  placing  the  disconnecting  trap  near  windows,  or  on  the  pave- 
ment in  streets,  and  that  is  because  of  the  foul  air  which  is  driven 
out  of  the  ventilating  eye  of  the  trap  on  descent  of  a  column  of  dis- 
charging fluid.  It  is  better  to  place  the  trap  where  it  is  least  likely  for 
the  above  reason  to  prove  objectionable,  and  that  position  must  be 
determined  by  individual  circumstances.  Periodic  inspection  of  all 
rhe  fittings  of  a  house  connected  with  the  soil-pipe  ought  to  be  made, 
since  for  a  variety  of  reasons  joints  are  apt  to  become  shaky,  and  to 


GROUND  Floor 


Hil|i|!o 


Fio  IS  illustrates  a  Model  Ground-Plan  of  Draining  a  House  in  a  Terrace.  A.P.  =Air- 
Pipe  ;  W.P.=Waste-Pipe  ;  S.P.  =  Soil-Pipe  :  I.E.  =  Inspection  Eye  or  opening  ;  R.P.  = 
Roof-Pipe  for  carrying  Rain-Water ;  Ac.O.  =Access-Opening  ;  D.  &  V.T.  =  Disconnect- 
ing and  Ventilating  Trap  ;  T.  =--Trap.  From  the  ligure  it  will  be  seen  that  the  soil- 
pipe  and  waste-pipe  pass  down  on  the  outside  wall  of  the  back  of  the  house  to  the 
Disconnecting  and  Ventilating  Trap  in  the  back  area,  that  the  combined  waste-water, 
roof-water,  and  soil  pass  by  the  house-drain  underneath  the  main  passage  in  the 
basement  of  the  house  to  another  trap  in  the  front  area,  and  thence  to  the  sewer  in 
the  street. 


permit  of  the  entrance  of  the  soil-pipe  air  into  that  of  the  apartments. 
The  lead  which  composes  the  branch- connections  and  that  of  the  filling 
of  joints  is  liable  to  be  attacked  by  the  gases  dissolved  in  the  fluids  or 
^y  the  fluids  themselves  which  pass  through  them.  This  is  especially 
frue  since  disinfectants  have  come  into  popular  use.  The  corrosion 
which  is  thus  initiated  tends  to  end  in  perforation.  Another  source 
of  mischief  is  perforation  of  the  pipes  by  rats  in  their  eager  quest  for 
water.  In  Glasgow,  several  years  ago,  a  mysterious  outbreak  of  disease 
broke  out  in  St  Mary's  Reformatory,  giving  rise  to  anomalous  symptoms 
and  which  was  believed  by  Dr  Russell,  Medical  Officer  of  Health,  to 
Have  its  origin  in  drain-emanations  due  to  this  cause. 

We  have  seen  several  examples  of  corrosion  and  perforation  from 
the  above  causes.  The  piece  of  lead  soil-pipe  shown  in  Fig.  79  is  in 
possession  of  the  author.  It  was  taken  from  a  tenement  building, 
from  which  enteric  fever  or  diphtheria  was  hardly  ever  absent. 
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The  House-Drain. — The  house-drain  is  that  part  of  the  drainag< 
arrangements  of  a  dwelling  which  is  situated  between  the  point  (; 
entrance  of  soil-pipe  and  waste-pipe  and  the  common  sewer  in  tli 
roadway.  Since  the  object  to  be  attained  is  the  carriage  of  the  sewa;.' 
and  liquid  waste  products  of  the  dwelling  into  the  sewer  by  the  cilet 
of  gravity,  careful  attention  to  its  course  and  its  levels  is  necessar\ 
The  course  or  alignment  of  a  drain  ought  to  be  as  straight  as  possiblt 
and  if  curves  upon  it  must  be  made,  such  must  be  open  curves,  in  ord< 
to  ofier  the  minimum  obstruction  to  the  flow.  It  must  be  also  places 
on  a  gradient  from  the  entrance  of  the  soil-pipe — its  highest  point 
to  the  centre  of  the  street  sewer — ^its  lowest  point.  By  proper  aligi, 
ment  and  gradient,  therefore,  expeditious  removal  of  products  is  efiected 


Fig.  79.— Portion  of  Load  Soil-Pipe  eaten  into  and  perforated  by  the 
action  of  sewer-gases.  (In  possession  of  Author.)  In  the  house  from 
whicli  the  above  was  taken,  diphtlieria  and  enteric  fever  had  attacked 
the  inmates  more  th.an  once. 

where,  on  the  other  hand,  bends  exist  in  the  course  of  the  drain,  re- 
sistance is  offered  to  the  flow,  and  the  same  effect  is  produced  by  m 
sufficient  gradient,  hence  "  silt "  is  apt  to  form,  and  sooner  or  latei 
by  the  accumulation  of  silt  or  sediment,  the  drain  acts  imperfectl 
or  becomes  choked.    Should  the  gradient  be  too  great,  the  momcntui 
of  the  passing  discharges  is  apt  to  siphon  the  trap  as  the  discharge 
pass  through.    The  fall  or  gradient,  therefore,  must  have  relation  to  th 
size  of  channel  in  order  to  obtain  the  requisite  velocity  of  flow  of  hqui' 
contents.    The  usual  rule  is  :  for  a  4-inch  pipe,  a  fall  of  1  in  40  ;  h' 
a  6-inch  pipe,  1  in  60 ;  for  a  9-inch  pipe,  1  in  90.    In  the  Model  Bye- 
laws  alreadv  referred  to,  the  fall  recommended  for  a  4-inch  pipe  is  I 
in  36.    This  gradient  has  been  adopted  by  Aberdeen.    In  Edinburgli 
it  is  enacted  that  where  practicable  it  shall  be  not  less  than  1  in  4" ' 
and  in  Greenock,  not  less  than  1  in  48.   In  order  to  obtain  these  gradienl- 
the  level  can  only  be  properlv  adjusted  by  some  such  instrument  ii 
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\!oss-Flowei-s'  gradient  indicator,  as  shown  in  the  accompanying 

"xhe  house-drain  is  commonly  composed  of  fireclay  pipes  with 
n/ot  and  faucet  joints,  but  of  late  years  it  has  been  proposed  to  sub- 


si? 

it; 

SECTION  Dl^ORAM  II 
SHOWINa  DRAINS 
FOR  TtRRACt  HOUSE 


Basiii ;  B.H.  =  Bath.   The  other  terms  as  in  previous  Figure. 

stitute  iron  pipes  in  their  place.  In  the  case  where  the  house-drain,  by 
reason  of  architectural  necessity  or  otherwise,  is  required  to  pass  through 
or  under  a  building,  it  should  be  composed  of  heavy  cast-iron  spigot 
and  faucet  pipes,  the  walls  of  which  are  not  less  than  f -inch  m  thickness. 
The  joints  of  a  fireclay 
drain  should  be  made  with  ^  '^'^ 
rope  yarn  steeped  in 
cement  rammed  well  home 
and  Portland  cement,  each 
joint  cleaned  inside  of 
"  feathering,"  and  left 
smooth ;  those  of  an  iron- 
pipe  drain  should  be  made 

with  rope  yarn  and  molten  F.q.  Sl.-Gradient  indicator  A  =  b,ass  scale  to  ""'"^''te 
,     T      "„■'  ,    .  gradient ;  13,  C  =  spirit-level  ;  D,  Ji  =  draiii-pipe  to  oe 

lead.  Where  cement  is 
used  in  jointing  the  sec- 
tion -  lengths  of  fireclay 
piping,  the  work  should  be  left  for  48  hours  to  enable  the  cement  to 
set  thoroughly.  Iron  pipes  used  for  this  purpose  ought  to  be  coated 
externally  and  internally  with  Angus  Smith's  solution  applied  hot,  in 
order  to  prevent  corrosion,  and  if  they  are  to  be  laid  in  earth  their 
walk  ought  to  be  i-inch  in  thickness.  In  order,  to  give  stability  and 
equality  of  resistance  to  pressure  to  the  house-drain,  it  is  necessary 


laid;  F,  G  =  dvain  limb  of  instrument  which  is  applied 
to  line  of  pipe;  H  =  tangeiit  .screw  to  secure  exact 
adjustment. 
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that  it  should  bo  hxid  upon  an  even,  solid  foundation.  li  this  be 
not  done,  some  of  the  joints  or  pipe-lengths  are  liable  to  be  broken  on 
"  settling  "  of  foundations  of  house.  The  best  foundation  for  a  fireclay 
drain  is  a  bed  of  fine  concrete  or  cement,  care  being  taken  that  the 
faucet  ends  of  the  pipes  are  embedded  in  the  material.  To  ensure 
-^^^^^sc,  this,  the  lengths  of  fireclay  pipes  have  been 

^^^^mbHm^imh^  made  with  pedestal  feet  as  shown  in  Fig.  82. 
  ~     The  feet  are  embedded  in  the  concrete  or 

'^^y%?y?ffii||fg?^>%%^^  cement  bed,  and  thus  give  fixity  and  stability 
v.T^^^^''^'^^^^^  *o        entire  drain.    This  is  especially  im- 

FlQ.     82. — Fireclay     Dram  -  Pipe  4-     j.      i,  i     •  1        *'  , 

Section  made  witii  pedestal  portant  wxiere  the  dram  passes  through  or 
addition,  and  with  inspec-  under  a  building.    In  such  cases,  it  is  indeed 

tion  opening  on  npper  sur-   i    ,  ,       ,  P        ^  ^^^^^  <-ciai.o,  iv  10  iiiui-eu 

face.  better  to  envelop  the  pipe,  except  at  the 

inspection  openings,  in  asphalt,  and  a  free 
overhead  space  of  not  less  than  3  inches  should  be  allowed  at  the 
walls  or.  partitions  for  subsidence.  And  the  same  is  true  where 
buildings  have  been  erected  upon  "  made  "  or  "  filled  "  sites,  owing 
to  the  greater  liability  of  uneven  setthng  of  foundations.  All  junctions 
with  a  house-drain,  whether  horizontal  or  vertical,  should  be  made 
obliquely  and  in  the  direction  of  the  flow.  Right-angled  connections 
are  quite  impermissible,  because  of  the  obstruction  to  the  flow  thereby 
produced.  Where  drains  from  a  large  building  converge,  the  junction 
should  be  effected  obliquely  by  means  of  a  bend  {vide  Fig.  85). 

While  it  is  a  cardinal  principle  of  house-sanitation  that  house- 
drains  should  not  pass  through  or  under  buildings,  it  must  be  clear 
that  this  cannot  always  be  achieved  in  towns  and  cities  with  continuous 
lines  of  street  of  houses,  and  where  the  sewers  are  situated  in  the  road- 
way. In  order  to  avoid  unsightliness  of  rows  of  pipes  on  the  house- 
elevations,  the  fittings  of  houses  requiring  waste-  and  soil-pipes  are 
usually  put  in  apartments  at  the  rear  of  the  houses.  These,  therefore, 
must  enter  the  house-drains,  which  must  be  brought  through  or  under 
the  houses  to  enter  the  street-sewers.  In  tenement  flatted  houses, 
the  house-drain  is  caused  to  pass  under  the  common  entry,  and  in 
terraced,  single-occupant  houses  through  the  passage  in  the  basement 
flat  of  the  house.  If  the  constant  integrity  of  the  house-drain  after 
efficient  initial  installation  could  be  assured,  it  mattei-s  little  whether 
the  drain  be  carried  from  rear  to  front  through,  under,  or  outside  of 
the  house ;  but  in  view  of  the  absence  of  periodic  inspection  and  the 
possible  imperfection  of  the  drain,  special  precautions  must  at  first 
be  taken  to  secure  that  it  is  air-tight.  In  such  cases,  the  top  of  a  drain 
should  be  not  less  than  six  inches  below  the  level  of  the  lowest  floor  be- 
neath which  it  is  put. 

House-drains,  apart  from  initial  faults  of  alignment  or  gradient, 
may  fail  in  their  purpose  from  several  causes,  viz.  :  (a)  rupture  of 
pipes  due  to  uneven  settling  of  buildings  ;  (6)  want  of  connection  with 
the  street-sewer ;  (c)  blocking  of  channel  from  accident  or  carelessness. 
By  the  Burgh  Police  Act,  1892,  section  180,  it  is  enacted  that  the  entire 
drainage-arrangements  of  a  house  must  be  inspected  and  tested  to 
satisfy  the  Local  Authority  of  their  sufficiency.  The  Glasgow  Building 
Regulation  Act,  1900,  section  57,  prohibits  the  occupation  of  any  new 
building,  or  of  any  building  altered  for  the  purpose  of  increasing  the 
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Fic.  S3.-Plan  of  Draining  a  Tenement  Property.  soU.pipes  and  waste^ 

pipes  pass  down  the  back  wall,  and  their  c°".te"ts  into  the  honse^a^^ 

Ventilating  Trap;  K-P.^Kain-Pipe  ;  Ac.O.  =  Access-Openmg. 


IV..  S4.-T0  ninstrate  mode  of  laying  a  l.ouse-drain  which 

The  upper  figure  Hhows  the  crosB  section  ;  the  lower,.the  section  elex.ilion. 


i 


248 


PUBLIC  HEALTH 


^n'l^'^'f  arrangements  have  been  inspected 

and  tested  by  the  Sanitary  Inspector  and  found  satisfactory,  and  untU 
a  certihcate  to  that  efiect  has  been  deposited  with  the  Master  of  Works 
In  the  case  of  new  buddings,  however,  it  does  not  appear  to  us  that 
this  test  IS  sufficient  of  itself,  since  owing  to  the  settUng  of  the  founda- 
tions during  the  early  months  of  occupancy,  some  part  of  the  drainage 
arrangements  may  have  become  broken,  loosened,  or  even  detached 
feuch  would  be  indicated,  probably,  by  cracks  occurring  in  the  walls 
ot  the  house  ;  in  which  case  it  would  be  absolutely  necessary  to  re-test 
the  integrity  of  the  arrangements.    But  defects  may  take  place  in  the 
drainage-system  without  such  marked  signs  as  the  foregoing  and 
therefore,  it  would  be  better  to  renew  the  tests  after  some  months  of 
occupancy,  the  period  to  be  determined  by  the  character  of  the  ground 
upon  which  the  houses  are  built.    In  view  of  such  inspection,  it  would 
seem  impossible  that  a  house-drain  from  a  tenement  building  could 

be  left  unconnected  with  the  sewer. 


But  we  have  seen  such  a  case, 
where  the  defect  was  only  dis- 
covered after  the  building  had 
been  occupied  for  a  time  sufl&ci- 
ently  long  to  fill  up  the  drain  and 
internal  fittings  of  the  ground-flat 
houses  with  the  accumulated 
sewage  of  the  building.  The 
liability  to  this  is  no  doubt  due 
in  part  to  the  dual  control  which 
exists  in  Scotland  in  the  con- 
struction of  the  drainage-arrange- 
ments of  dwelhngs.  While  it  is 
the  function  of  the  plumber  to 

85.-TO  show  method  of  connecting  Branch-  ^^^^  ^ith  the  installation  of  water. 

Pipes  with  Main  Drain-Pipe.  gas,  and  samtary  fittings,  with 

.    .  their  necessary  pipes  and  connec- 

tions mside  and  outside  of  the  house,  the  mason  steps  in  and  declares 
that  the  plumber's  duty  ends  at  the  ground,  and  that  it  is  the  function 
of  the  mason  to  lay  the  house-drain  and  make  the  necessary  connec- 
tion with  the  sewer.  So  long  as  the  house-drain  continues  to  be  con- 
structed of  fireclay  with  cement  joints,  so  long  mil  this  controversy 
contimie.  It  would  cease  at  once,  however,  if  it  became  the  common 
practice  to  use  iron  pipes  instead  of  fireclay  pipes.  There  is  much  to 
be  said  in  favour  of  placing  the  entire  responsibility  of  workmanship 
upon  one  contractor,  and  of  the  use  of  .iron  instead  of  fireclay  for 
house-drains. 

Blocking  of  a  house-drain  not  infrequently  arises  in  tenement 
houses  from  carelessness  or  negligence  of  householders.  Experience 
has  shown  that  the  obstructing  causes  may  be  scrubbing-brushes, 
washing-cloths,  dusters,  and  sometimes  materials  much  more  foreign 
than  these  to  house  use.  To  overcome  such  obstructions,  provision  m 
the  house-drain  must  be  made  in  the  form  of  access  or  inspection  open- 
ings. These  are  provided  with  securely  fixed,  air-tight,  covers,  and  are 
placed  not  only  at  junctions  and  changes  of  direction,  but  also  at  dis- 
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tances  of  from  20  to  40  feet  apart  in  the  straight  course  of  a  house-drain. 
Fia.  86  illustrates  such  in  position.  Such  openings  must  be  built 
to°the  ground-surface  of  sufficient  size  to  enable  the  introduction  of 
flexible  iron  rods  for  the  removal  of  obstructions.  Special  care  must 
be  taken  respecting  the  tightness  of  these  openings  in  drains  which  pass 
through  or  under  buildings. 


MM  p  a 

Fig.  SG.— Section  of  House-Drain  composed  of  Iron  Pipes.  D,  C,  movable 
inspection  covers,  by  which  interior  of  drain  may  be  inspected  or  freed  from 
obstrnctions  ;  C  is  placed  at  a  .iunction.  L  is  an  ordinary  pipe-length. 
M,  N,  P,  Q  indicate  joints.  The  arrow  points  in  the  direction  of  the 
sewage-flow. 

Eor  large  buildings  where  a  nrmiber  of  discharge-pipes  converge 
at  a  particular  point,  it  is  better  to  construct,  an  inspection-chamber 
in  the  floor  of  which  the  main  channel  runs  in  an  open  form,  and  with 
which  the  branch-connections  unite.    Thisj^chamber  may  be,  indeed 


PLAN     OP  A   BUILT  CESSPOOL 


Pio.  87  is  a  Plan  of  a  Built  Ces.spool  or  Inspection  Chamber.  The  cesspool  is  constructed  of  con- 
crete. By  the  fireclay  pipe-channel  A  the  sewage  enters,  and  by  the  like-channel  B  it  leaves 
to  be  disposed  of  or  puritied.  The  top  of  cesspool  is  covered  by  a  solid  iron  plate  which  can 
be  removed  for  the  purpose  of  cleaning  the  cesspool.   (Model  Regulations  of  Plumbers.) 

ought  to  be,  situated  as  far  from  windows  and  doors  as  possible,  should 
be  ventilated  by  a  shaft  extending  above  the  roof  of  the  house  or  houses, 
or  by  one  placed  alongside  of  an  out-house,  and  should  be  disconnected 
from  the  sewer  by  a  suitable  trap. 

The  requirements  of  an  efficient  house-drain  are  these,  viz.  :  (1)  it 
should  be  aligned  in  as  straight  a  course  as  possible,  or  with  open 
curves  ;  (2)  it  should  be  provided  with  access  or  inspection  openings 
at  suitable  points  and  at  suitable  distances ;  (3)  it  should  be  laid  on 
an  even,  solid  bed  of  concrete  or  cement ;  (4)  it  should  have  a  suffi- 
cient gradient ;  (5)  all  branch-connections  should  be  made  obliquely 
and  in  the  direction  of  the  flow ;  (6)  its  interior  should  be  smooth  ; 
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(7)  it  sliould  be  disconnected  from  the  soil-pipe  by  an  efficient  inter- 
cepting or  disconnecting  ventilating  trap,  which  should  not  open  on  a 
pavement  or  close  to  windows  or  doorways. 

TRAPS 

Frequent  mention  has  been  made  in  the  foregoing  chapters  of 
traps,  and  from  what  has  been  said  it  will  be  rightly  concluded  that 
traps  are  essential  parts  of  a  system  of  house- drainage.  When  by 
means  of  circular  channels  the  sewage  and  waste- water  of  houses 
came  to  be  removed  from  houses  to  sewer,  and  even,  indeed,  before 
that  period  when  square  brick-built  drains  were  in  use,  by  reason  of 
the  discovery  that  foul-smelling  gases  passed  backward  through  the 
uninterrupted  continuity  of  pipes,  it  was  found  necessary  to  devise 
some  arrangement  to  prevent  this  occurrence.  This  was  achieved 
to  some  extent  in  the  square  brick-built  drain  by  the  dipstone  trap,  an 
arrangement  whereby  a  flat  stone  placed  at  right  angles  to  the  flow  of 

sewage  dipped  into  the  water  of  a  cesspool  con- 
structed in  the  course  of  the  drain,  and  so 
acted  as  a  preventive  of  the  passage  backward 
of  foul  air  from  sewer  to  house.  But  when 
the  circular  or  pipe  form  of  drain  was  adopted. 
l^.:~r^°'"'^T'^'!  '■  ^T''"'"  the  trap  had  to  take  a  new  shape.    Hence  the 

set"  Trap.    A=draiii  from  r  •  ,    i     t        •  i 

house.  B=dram  to  common  most  elementary  lorms  consisted  ot  a  simple 
f:rdeai£'trap.^^°iope-  l^^^^d  in  the  pipe,  or  of  a  depressed  tongue, 
ing  for  ventilation,  which  Xhc  abovc  figure  (Fig.  88)  illustrates  the 
Sti^oilV^pron  waii^ofhous^  "  dipstouc  "  principle  adapted  to  the  circular 
le^ei'^of  ^round°''*^  ^°  surface  p^pg^  which  was  deviscd  by  Mr  John  Honey- 
eve  0  groun  .  msLU,  LL.D.,  Architect,  of  Glasgow  in  1858. 

The  only  drain- trap  which  was  at  that  time  in  use  was  very  defective, 
and  it  was  impossible  to  use  it  in  connection  with  the  ventilation  of 
drains.  To  the  newly-devised  form  of  trap  Honeyman  gave  the  name 
"  Somerset"  but  he  never  patented  the  trap.  Buchan,  however,  a  few 
years  later,  after  some  modifications  in  form,  did  patent  it.^ 

Object  of  Traps. — The  original  purpose  of  a  trap  was  to  arrest  the 
passage  backward  of  the  foul-smelling  gases  of  decomposition  from  the 
house-drain  or  the  sewer  into  the  air  of  the  apartment  in  which  fittings 
connected  with  the  drain  by  pipes  were  placed.  Experience  has  shown 
that  not  only  may  such  gases,  in  the  absence  of  traps  or  with  imperfect 
traps,  so  enter,  but  that  foul  and  putrescible  particulate  bodies  and 
micro-organisms  may  equally  pass.  The  medium  used  for  the  arrest 
of  such  substances  is  water  more  or  less  impure,  and  the  point  of  arrest 
or  trap  is  situated  between  the  house  interior  and  the  nearest  adjacent 
fouled  pipe  or  channel  The  column  of  water  which  lies  in  the  bend  of 
the  trap  of  a  circular  pipe  (Fig.  89)  is  called  the  water-seal  or  tvater- 
lock  ;  in  other  forms  of  traps  it  is  the  height  of  the  column  of  water  from 
the  lowest  point  of  the  "  tongue  "  or  "  dip  "  to  the  level  of  water  in 
the  trap  (Figs.  89,  90,  100). 

Forms  of  Tra?)S.— Traps  are  of  different  forms  in  respect  that  tlic\ 
are  fitted  to  different  parts  of  the  sanitary  fittings  and  drainage-arraugo- 
1  The  Drainage  of  Glasgow  and  Trapping  of  House-Drains,  Glasgow,  1873. 


Fifi.  02  shows  niiclian'H  ventilatiiiR-trap  with  relation  to  ^rouiid-snrfacQ 
and  flow  of  Huwagt).  Tlio  vmitilating-oye  or  opening  of  the  trap  is 
covered  on  tlio  ground-lovol  by  a  grated  cover. 
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ments  of  a  house  and  thus  subserve  different  purposes.  Those  of 
baths  and  wash-hand  basins  consist  of  CO  bends  in  the  pipe,  with 
screw-plugs  at  the  lowest  pai*t  of  the  bend  for  cleansing  purposes,  and 


Fig  03.— To  illustrate  alternative  Methods  of  Ventilating  a  Trap  through 
which  FKcal  Matter  passes.  The  ventilating  opening  or  shaft  may  be 
raised  some  feet  above  the  ground-level  when  most  suitable,  as  on  the 
left  of  the  Figure,  or  it  may  be  permitted  to  open  on  the  ground-level,  as 
shown  in  the  dotted  lines. 


Fio.  !)4.  Pio.  95.— Disconnecting  Trap,  called  the 

"  Beancliff." 


ought  to  have  a  water-lock  of  not  less  than  IJ  inches.  In  connection 
with  kitchen-sinks,  since  their  purpose  is  to  arrest  the  fatty  matters 
contained  in  the  outflowing  water,  traps  are  constructed  of  the  special 
form  shown  in  Figs.  59  and  60.     Disconnecting  and  mtercepting 
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veutilating  traps  are 
fitted  at  the  junction 
of  waste-  and  soil- 
pipe  with  sewer,  or  at 
some  point  in  the 
course  of  the  house- 
drain.  Fig.  92  repre- 
sents one  of  the  best 
forms  of  these,  and 
Fig.  93,  the  same 
trap  fitted  to  carry 
away  the  ventilating 
opening  from  a  window 
or  doorway.  Gully 
traps,  placed  in  court- 
yards, are  constructed 
of  forms  intended  to 
catch  surface  -  water 
containing  solid  detri- 
tus, as  well  as  to  pre- 
vent outward  passage 
of  drain-gases.  Many 
forms  of  traps  have 
been  made  by  many 
makers  for  many  pur- 
poses, imtil  their  num- 
ber has  become  legion. 
B;it  their  uses  may  be 
said  to  be  confined  to 
the  above  purposes. 

Failure  of  Action 
of  Traps. — Traps  may 
fail  in  their  purpose 
from  one  or  other  of 
the  following  causes, 
viz. :  (1)  from  siphon 
action  ;  (2)  from  mo- 
mentum ;  (3)  evapora- 
tion of  water-seal  from 
disuse  ;  (4)  from  silting 
or  sedimentation,  due 
to  imperfect  position. 
Experience  with  traps 
in  connection  with 
pipes  through  which 
water  flowed  with  con- 
siderable  velocity 
showed  that  the  water- 
seal  was  liable  to  be 
forced  under  certain 
conditions  ;  and  upon 


Fu:.  9Ci.- 


-Weaver's  Ventilating 
necting  Trap. 


and  Discon- 


FiG.  97. — Dean's  Yard  Gnlly-Trap.  It  contains  an  iron 
bucket  to  receive  the  detritus,  which  can  be  emptied 
periodically  by  taking  out  the  bucket  by  means  of  the 
handle  shown  in  the  Figure. 


FLOOR 


GRID 


FLOOR 


SEWER  GAS 


!!«.  — Uell-Trap— tt  very  iiiisnfo  form  of  Trap,  owing  to  the 
BVftiJorKtion  of  the  water  unsealing  the  trap.  I  t  is  still  found 
in  nsn  In  court-yards. 
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investigation  it  was  found  that  the  disturbing  cause  was  either 
difference  of  atmospheric  pressure  on  the  two  sides  of  the  trap, 
or  momentum— the  combined  effect  of  velocity  and  weight— 
of  the  flowing  columns  of  water.  Of  the  causes  of  failure  above 
enumerated,  probably  the  most  common  is  siphoning.  This  very 
readily  happens,  indeed  is  only  likely  to  happen,  where  the  traps 
theinselves  or  the  main  pipes  are  unventilated  or  imperfectly  ventilated. 

A  valuable  series  of  experiments  bearing  on  the  siphoning  of  water-eloset 
traps  has  been  made  under  the  supervision  of  a  Committee  of  the  Sanitary 

Institute  ^  upon  apparatus  fitted  in  the  Parkes 
Museum.  Tliis  apparatus  consisted  of  a  lead 
soil-pipe,  3^  in.  in  diameter,  30  feet  8  in.  high, 
with  two  3i-in.  closet-branches,  one  2  ft.  10  in., 
and  the  other  12  ft.  10  in.  above  the  ground 
level,  each  branch  liaving  a  2-in.  ventilating  or 
anti-siphonage  pipe  fixed  at  a  point  9  inches  from 
the  crown  of  the  trap.  These  ventilating  pipes 
were  connected  and  carried  9  ft.  3  in.  above  the 
upper  closet-branch,  and  were  provided,  as  was 
also  the  soil-pipe,  w^ith  valves  for  closing  the 
pipes  for  the  purposes  of  experiment.  The 
closet  basins  were  short  hoppers  with  circular 
outlets,  the  outlet  of  the  upper  basin  being 
3j  in.  in  diameter,  that  of  the  lower,  3i  in.  in 
diameter.  The  traps  used  in  the  upper  basin 
were  (1)  a  cast  lead  "  anti-D  "  trap,  3J  in.  in 
diameter,  with  a  water-seal  of  2  in.,  and  con- 
taining 40  oz.  of  water  ;  and  (2)  a  drawn-lead 


 Soil  pi^e  valve. 

-  -/Inl/sif'/'iinaciS 
vtnC  pipe 


Dubois  "  trap,  3^  in. 


m  diameter,  water-seal 

2  in.,  contained  water,  60  oz.  ;  those  used  in 
the  lower  basin  were  (1)  an  "  anti-D  "  trap, 

3  j  in.  in  diameter,  water-seal  1|  in.,  conteuned 
water,  40  oz.  ;  and  (2)  a  "  Dubois  "  trap,  3^  in. 
in  diameter,  water-seal  If  in.,  contained  water, 
60  oz.  The  water  used  in  tlie  experiments  was 
poured  from  a  pail  into  the  basin.    (Fig.  99.) 

Fotxr  sets  of  experiments  were  made,  viz. : 
(A)  Water  poured  into  upper  basin,  and  effect 
produced  on  trap  of  same  observed  ;  (B)  Water 
into  upper  basin,  and  effect  on  trap  of  lower 
Fio.  90. — Drawing  of  Apparatus  used  basin  ;  (C)  Water  into  lower  basin,  and  effect 
in  Experiments  on  the  Siphoning  produced  on  trap  of  same  ;  (D)  Water  into 
of  Closet-Trap.f,  carried  out  by  ,      .  ,  ^ „    ,         .  <•  i  • 

Committee  of  Sanitary  Institute,    lower  basm,  and  effect  on  trap  of  upper  basm. 

These  experiments  were  conducted  imder  four 
sets  of  conditions,  viz.  :  (1)  The  anti-siphonage  pipe  open  and  the  soil-pipe 
open  ;  (2)  The  anti-siphonage  pipe  closed  and  the  soil-pipe  open  ;  (3)  The  anti- 
siphonage  pipe  open  and  the  soil-pipe  closed  ;  (4)  Both  pipes  closed.  Under 
conditions  A,  B,  C,  D,  and  (1)  neither  of  the  traps  were  siphoned;  under 
conditions  A  and  (2),  the  "  Dubois  "  trap  was  unsealed,  and  imder  conditions 
B,  C,  D,  and  (2)  it  was  not  unsealed,  and  vmdor  none  of  these  conditions  was 
the  "  anti-D  "  trap  forced  ;  \mdor  conditions  A.  B,  C,  D,  and  (3),  both  traps 
were  intact ;  and  imder  conditions  A  and  (4)  botli  traps  were  imsealed,  but 
under  conditions  B,  C,  D,  remained  water-locked.  It  would  appear,  tlierefore, 
that  these  experiments  but  corroborate  well-established  facts,  viz.  :  (1)  that 
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when  the  soil-pipe  is  open  and  a  ventilating  branch  to  the  trap  is  provided, 
siphoning  is  prevented  ;  (2)  that  if  the  soil-pipe  be  closed  and  no  ventilating 
branch  to  trap  be  provided,  siphoning  readily  occurs  ;  and  (3)  that  siphoning 
more  readily  takes  place  in  the  absence  of  a  ventilating  pipe  to  trap,  although 
the  soil-pipe  be  open. 

Moynentum  is  another  cause  whicli  tends  to  unseal  a  trap.  When 
the  descending  column  of  water  in  a  soil-track  at  its  junction  with  the 
soil-pipe  reaches  an  un ventilated  trap,  it  obviously  has  obtained  con- 
siderable velocity,  which  is  not  much  reduced  by  the  water-seal  of  the 
trap ;  consequently,  since  it  is  difficult  to  bring  a  body  moving  at  such 
velocity  to  a  state  of  rest,  when  the  last  portion  of  the  column  reaches  the 
trap,  its  contents  are  in  violent  agitation,  and  the  column  of  water  is 
likely  to  carry  with  it  sufficient  of  the  water  of  the  trap  to  unseal  it. 
Disuse  of  traps  is  another  source  of  failure,  by  reason  of  evaporation  of 
water-contents  below  the  water-seal.  This  is  liable  to  occur  in  the 
fittings  of  houses  which  are  shut  up  in  summer  for  several  consecutive 
months,  during  which  time  the  deposits  in  the  soil-pipe  and  connec- 
tions become  also  dried  and  powdery.  By  reason,  therefore,  of  the 
inoperative  effect  of  the  traps  in  these  circumstances,  not  only  may  foul 
gases  but  also  pathogenic  micro-organisms  gain  an  entrance  into  living 
apartments,  to  give  rise  to  attacks  of  illness  of  inmates,  it  may  be,  when 
the  house  is  re-occupied.  But  a  more  common  cause  of  this  is  where 
through  carelessness,  after  alteration  in  position  of  certain  sanitary  fit- 
tings, the  connections  therewith  have  not  been  entirely  removed  but 
have  simply  been  covered  over.  In  such  a  case  the  entrance  of  drain 
gases  is  bound  sooner  or  later  to  be  effected.  Traps  may  further 
fail  in  their  duty  from  being  improperly  set,  from  the  effect  of  which, 
in  one  case,  the  water-seal  may  be  opened,  or  in  another  case,  sedi- 
mentation of  solid  matter  may  take  place  in  the  trap  itself.  This  latter 
may  also  occur  from  insufficient  flushing  or  from  insufficient  gradient  of 
house-drain.  These  conditions  compel  different  remedies,  some  of  which 
are  obvious.  Siphoning,  however,  is  entirely  prevented  by  free  ventila- 
tion of  traps  and  soil-pipe.  A  trap  is  ventilated  by  a  pipe  being  put 
on  the  "  crown  "  of  the  tap,  that  is,  on  the  soil-pipe  side  of  the  trap 
Where  a  series  of  ventilating  pipes  are  required  by  reason  of  a  super- 
posed series  of  fittings,  as  in  tenement  houses,  they  are  either  passed 
singly  through  the  wall  into  the  open  air  directly,  or  they  are  either 
united  to  a  separate  ventilating  shaft,  or  joined  separately  to  the  soil- 
pipe  at  a  distance  above  the  entrance  of  each  branch  which  is  regulated 
(1)  by  the  maximum  flush  of  water  which  is  discharged  into  the  soil- 
pipe  at  one  time,  and  (2)  by  the  length  of  soil-pipe  which  that  amount 
of  water  will  fill.  One  gallon  of  water  fills  a  4-inch  pipe  length  of  22 
inches,  and  one  of  4|  inches  diameter,  a  length  of  17-|  inches  ;  there- 
fore, if  the  flush  from  a  water-closet  be  three  gallons"  and  the  size  of 
pipe  be  4-inch  diameter,  then  22x3=66  inches  will  be  the  height 
above  the  trap  at  which  the  ventilating  pipe  of  that  branch  should  be 
joined  to  the  soil-pipe. 

In  the  large  disconnecting  or  intercepting  traps  made  of  fireclay 
or  earthenware  which  are  placed  in  the  ground  in  some  part  of  the 
course  of  the  house-drain,  ventilation  is  obtained  by  a  special  opening 
m  the  trap  which  reaches  to  the  ground  level,  and  which  is  of  the  same 
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diameter  internally  as  the  soil-pipe  or  house-drain,  in  order  to  permit 
of  free  egress  of  air.  This  opening,  which  is  on  the  reverse  side  of  the 
trap,  is  usually  covered  by  a  grating.  Such  traps  have  usually  four 
openings,  viz.:  (1)  inlet  for  sewage;  (2)  outlet  for  sewage:  these 
are  horizontal  openings ;  (3)  ventilating  opening ;  (4)  cleansing 
or  inspection  opening.  Of  these  two  latter,  which  are  vertical  openings, 
the  former  is  of  a  greater  diameter  and  is  always  next  to  the  inlet-opening, 

FOR  JOINTINC. 
CLEANSING  OR 
EXIT  OF  SEWACE  CAS 


Fifi.  100. — Bucliaii's  Disconnecting  and  Ventilating  Trap. 

so  that  when  the  trap  is  placed  in  position  in  relation  to  soil-pipe  and 
sewer,  the  ventilating  opening  is  nearest  the  soil-pipe,  that  is  to  say, 
it  is  on  the  house  side  of  the  trap.  This  will  be  comprehended  better 
by  reference  to  Figs.  92  and  93.  In  order  to  prevent  this  ventilating 
"  eye  "  opening  near  a  window  or  doorway,  an  arrangement  may  be 

provided  as  in  Fig.  101,  where,  this 
ventilating  eye  is  carried  along  for 
some  distance  from  the  trap. 

The  essential  points  of  a  good 
trap  are  the  following,  viz.  :  (1)  it 
should  be  of  a  self-cleansing  shape; 
(2)  it  should  have  an  opening  equal 
in  internal  diameter  to  that  of  soil- 
pipe  for  ventilation ;  (3)  it  should 
possess  a  water-seal  of  not  less  than 
2  inches  ;  (4)  it  should  be  set  in  a  perfectly  level  position ;  (5)  it 
should  possess  an  opening  for  inspection  or  cleansing  purposes. 
7s  the  Use  of  Traps  Over-done  ? 

The  time  has  now  fully  arrived  for  a  re-consideration  of  the  whole 
question  of  trapping  of  fittings  and  of  intercepting  drain-traps.  Many 
years  of  experience  of  these  fittings  enables  a  judgment,  based  upon 
experience,  to  be  formed  on  the  question  whether  so  many,  indeed, 
if  any,  intercepting  traps  are  needful  in  an  otherwise  sound  and  well- 
constructed  domestic  drainage  system.  An  intercepting  ventilating 
trap  placed  at  some  point  between  the  entrance  of  a  main  soil-pipe 
or  waste-pipe  serves  one  very  useful  purpose  at  least — viz.  as  a  con- 
venient point  from  which  a  smoke-test  may  be  applied  to  that  pan 


Fir;.  101. — Showing  mode  of  carrying  venti- 
lating opening  of  trap  away  from  doors 
or  windows. 
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of  the  domestic  drainage wliichi  it  controls.    On  the  other  hand,  seeing 
hat  one  of  the  chief  objects  of  domestic  sanitation  is  to  get  rid  quickly 
t  polluted  fluids  from  the  house  to  the  sewer,  this  is  in  some  measure 
I  ustrated  by  the  presence  of  an  intercepting  trap  between  the  main 
xit  foul-pipe  and  the  house-drain  and  sewer,  because  the  velocity  and 
uomentum  of  the  outward-passing  volume  of  polluted  liquid  receive 
<  check  in  progress  of  the  liquid  toward  the  sewer.    The  ideal  method 
[  dealing  with  the  soil-pipe  and  waste-pipe  is,  when  circmnstances 
[K^vmit,  to  join  them  in  an  intercepting  chamber  placed  on  the  hou^e- 
drain  between  the  house  and  the  sewer  and  controlled  by  a  single 
rap.    Instead  of  this,  however,  the-  common  practice  is  to  control 
ach  main  exit-pipe  from  a  house  by  its  individual  disconnecting  and 
ventilating  trap.    But  as  houses  are  built  aligned  on  streets,  the  ideal 
method  is  hardly  attainable,  since  the  roadway  is  so  frequently,  and 
sometimes  so  fully,  occupied  by  other  pipes  and  channels  than  the 
^ewer.    The  main  object  of  the  intercepting  trap  as  originally  conceived 
was  to  prevent  the  passage  backwards  from  the  sewer  and  house-drain 
.f  gases  into  the  interior  of  the  house,  owing  to  what  must  now  be  con- 
idered  an  exaggerated  fear  of  the  possible  and  likely  dangerous  con- 
oquences  of  sewer-air  and  sewer-gases.    Such  consequences  are,  how- 
■ver,  mainly,  if  not  indeed  entirely,  averted  by  free  ventilation  of 
sewers,  drains,  and  house  main-pipes.    Probably  it  would  be  true  to 
say  that  the  principal  methods  of  ventilating  sewers  of  our  chief  towns 
■itUl  consist  of  grid  openings  on  the  surface  of  the  roadway  :  it  is,  perhaps, 
the  exception  to  find  ventilation  of  sewers  achieved  by  special  shafts  or 
by  works'  chimneys.    The  same  method  might  be  applied  to  house- 
Irains.    This  would  ensure  avoidance  of  air-tension  within  the  drains 
from  whatever  cause  that  might  possibly  arise,  and,  besides,  the  drain 
and  the  domestic  exit-pipes  would  be  equally  well  flushed  by  air  as  by 
the  ventilating  eye  of  an  intercepting  trap. 

So  long  as  each  fitting  within  the  house  is  provided  with  an  efficient 
trap,  it  does  seem  unnecessary  to  place  in  the  ground  an  intercepting 
ventilating  trap  at  some  part  between  the  junction  of  each  main  exit- 
pipe  and  the  house-drain  merely  to  prevent  the  possibility  of  foul  air 
Lietting  back  into  the  soil-pipe  or  waste-pipe,  as  the  case  may  be.  Our 
•xperience  and  observation  have  led  us  toward  the  view  that  many  of 
•^he  intercepting  traps  now  placed  in  systems  of  domestic  drainage 
■ire  not  only  unnecessary,  but  that  they  actually  thwart  the  raison 
d'etre  of  a  well-planned  system  whereby  quick  exit  of  sewage  from 
house  to  sewer  is  intended. 

The  London  County  Council  in  their  bye-laws  say  upon  this  subject, 
that  an  owner  "  shall  so  construct  such  soil-pipes  that  there  shall  not 
Ije  any  trap  in  such  soil-pipe,  or  between  the  soil-pipe  and  any  drain 
with  which  it  is  connected." 

Most  bye-laws  of  other  populous  places  enact  that  an  intercepting 
trap  shall  be  placed  at  some  point  in  a  system  of  house- drainage  between 
the  soil-pipe  and  the  sewer. 

The  keynote  of  the  position  with  regard  to  safety  lies  in  efficient 
liousc-fittings  suitably  trapped  and  sound  soil-pipes  well  ventilated. 

Flushimj  of  Drains. — If  house-drains  ai'c  properly  laid,  the  velocity 
of  outgoing  sewage  and  waste-water  ought  to  be  suificicnt  to  keep  the 
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channel  free  of  sediment.  If  the  house-drain  be  larger  than  required, 
that  is  to  say  if  a  6-inch  pipe  has  been  put  where  a  4-inch  is  sufficient, 
sedimentation  may  occur,  but  if  the  proper  fall  corresponding  to  the  size 
of  the  pipe  has  been  adopted,  even  in  such  a  case  there  is  little  like- 
hhood  of  silting  taking  place.  In  some  places,  the  waste-water  is 
utilised  for  the  purpose  of  flushing  by  being  stored  in  a  tank,  which 
when  filled  to  a  certain  point  and  by  reason  of  its  being  suspended  on 
a  swivel,  turns  over  and  forcibly  empties  the  whole  contents  into  the 
drain.  To  flush  a  drain  properly  it  is  necessary  to  project  suddenly 
into  it  such  an  amount  of  water  as  will  cause  it  to  run  full-bore  ;  it 
is  futile  to  attempt  this  by  the  running  of  a  tap  or  a  series  of 
them. 

Testing  of  Drains. — ^While  it  is  of  importance  in  the  case  of  newly- 
built  houses  that  be- 
fore occupancy  the 
integrity  of  all  the 
fittings  for  the  drain- 
age of  a  house  should 
be  tested  and  assured, 
it  is  of  even  greater 
importance  that,  at 
least  annually,  the 
test  of  efficiency 
should  be  repeated. 
Systematic  attention 
to  this  would  avert 
much  disease.  The 
modes  by  which  fit- 
tings and  house-drains  are  tested  are  these,  viz. :  (1)  The  hydrauhc 
test;  (2)  The  pneumatic  test,  (a)  by  smoke  under  slight  pressure, 
and  (6)  by  air  itself  under  a  higher 
pressure  ;  (3)  By  putting  some  vola- 
tile odorous  substance  into  the  drain- 
system. 

The  hydraulic  test  is  a  very 
severe  test,  and  when  applied  to 
pipes  in  the  vertical  position  is  a 
most  unequal  test,  since  the  point 
of  greatest  pressure  is  the  lowest, 
from  which  the  pressure  becomes 
gradually  less  until  the  highest  point 
is  reached  where  the  amount  of  pressure  is  practically  nothing.  It 
is  a  much  fairer  test  when  applied  to  pipes  in  a  nearly  horizontal 
position,  as  a  house-drain.  In  America,  however,  where  wastc- 
and  soil-pipes  are  placed  on  the  inside  of  the  wall  -  of  the  dwelhng 
because  of  the  severity  of  the  weather  in  A\inter,  special  pre- 
cautions are  taken  to  secure  their  integrity.  The  pipes  are  heavy 
cast-iron  pipes  with  leaded  joints,  and  each  length  is  tested  by  the 
hydrauhc  test  when  placed  in  situ.  In  this  way,  by  regulating  the  size 
of  length  to  be  tested,  not  only  may  each  part  of  the  whole  be  tested, 
but  a  fairly  uniform  pressure  may  be  used  upon  each  part.    To  this 


Fio.  102  represents  Jones'  Machine  for  applying  the  Smoke- 
Test  to  Di-ains.  By  means  of  the  hand  air-pump  lying  in 
front  of  the  Figure,  the  bag  inserted  in  the  Drain  is 
inflated,  and  the  drain  thus  made  air-tight.  The  Bag  is  con- 
structed so  that  the  smoke-pipo  from  the  machine  passes 
through  it  into  the  Drain,  and  so  the  Drain  or  Pipe  may  be 
filled  with  smoke. 


Fio.  103.— Anotlier  fomi  of  Smoke-testing 
JIachine. 
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mode  of  testing  vertical  pipes  there  can  not  only  be  no  objection  offered, 
but  there  is,  on  the  other  hand,  much  to  commend  its  use  in  this  country. 
The  test  consists  in  stopping  the  sewer  end  of  the  house-drain  with 
an  expanding  rubber-rimmed  plug,  and  filling  the  whole  length  with 


Fic.  104.— Bag  Drain-  or  Pipe-Stopper  for  testing  Drains  or  Pipes  Ijy  smoke,  pneumatic,  or 
hydrostatic  test.    (Burn  Brothers'  Patent.) 

water.  Should  the  level  of  the  water  in  the  trap — the  point  of  observa- 
tion—fall, it  indicates  faulty  construction,  provided  that  no  leakage 
is  occurring  at  the  point  of 
plugging.  The  pneumatic  test 
by  smoke  can  be  applied  to 
most  buildings  at  any  time. 
It  consists  in  filling  the  whole 
sanitary  apparatus  with  pun- 
gent smoke  generated  from 
sulphur  and  oily  waste  cotton, 
under  some  degree  of  pressure. 
The  amount  of  pressure,  how- 
ever, is  very  small,  but  is  sufficient  to  reveal  substantial  flaws  in  piping 
which  are  difficult  of  detection  by  simple  inspection.  In  order  to 
"    _  conduct  the  test  it  is  neces- 

sary to  hermetically  close 
the  top  openings  of  waste- 
pipe  and  soil-pipe,  where 
the    waste  -  pipe    is  con- 


Fici.  105.— Pipe-Stopper  inflated  by  air-pump  to  close 
drain-pipe. 


nected  underground  with 
the  house-drain  by  means 
of  a  trap.  The  smoke  is 
driven  into  the  ventilating 
 opening  of  the  trap,  which 

Plo.  lW._.Jo„cs'  expanding  Screw  lor  Hlop|,i„g  Drain  or       cloScd  by  chiy  rouud  thc 
^'I'c,in.-,mol<e,  pn.mniaticorliydrostalic  test.  inlet    SmolvC-pipO    from  tllC 

T   -1  -    f  1  smoke-generating  apparatus, 

u  xnc  event  ol  tlierc  being  any  points  of  leakage  in  pipes  or  fittings,  the 
i^esence  and  odour  of  smoke  at  these  points  will  indicate  them.'  The 
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apparatus  used  is  called  a  smoke-testing  or  fumigating  machine,  and 
it  consists  of  the  following  essential  parts,  viz.  :  (1)  The  motive  power 
by  which  the  smoke  is  propelled  into  the  house-fittings  ;  (2)  The 
smoke-generating  receptacle ;   (3)  Rubber-tubing  to  connect  these, 


and  also  to  connect  the  latter  wtih 
The  motive-power  in  most  machines 


the  ventilating  opening  of  trap, 
is  by  hand-working  a  fan  which 
propels  the  smoke,  but  in  Fyfe 
and  Dobson's  apparatus  the 
motive-power  is  the  automatic 
action  of  spirting  jets  of 
water. 


Fio.  107.— Snioke-Testiiig  Machine.     On  the 

is  the  bellows,  and  on  the  left  the  smoke- 
generating  receptacle,  out  of  which  passes  the 
tnbiiig  for  connecting 
the  drain  attacliment. 


By  means  of  a  side-opening,  the 
right  Fyfe-Dobson  apparatus  is  con- 
nected with  the  service  water-pipe 
the  whole  apparatus  with  from  the  mam-pipe.  Wlien  the  jet 
of  water  enters  the  cone-shaped 
part,  in  the  upper  part  of  wliich  the 
smoke-generating  material  is  placed  and  lighted,  it  is  split  into  a  large  nmnber 
of  fine  spirts  or  sprays,  which  cause  a  CLU-rent  of  air  and  smoke  to  be  propelled 
into  the  di-ain  to  be  tested.  The  advantages  of  the  macliine  are  its  saving 
of  hand-labour,  its  automatic  action,  and,  depending  upon  the  pressure  of  the 
water-supply,  a  higher  smoke-pressure. 

The  main  objection  urged  against  the  smoke-test  is  that  the  pressure  of 
the  smoke  is  insufficient  to  detect  such  defects  in  pipes  or  fittings  as  will 
emit   foul    air,  either 
from   defective  work- 
manship, or  from  defec- 
tive material ;  in  other 
words,    that  although 
on  application  of  this 
test  no   leakages  are 
discovered,    it    is  no 
certain   proof   of  the 
tightness  of  the  drain- 
age -  system.  Another 
objection  is  that  unless 
the    leakage    is  sub- 
stantial, it  is  apt  to  be 
overlooked  by  the 
careless  observer,  since 
minute   inspection  of 
each  pipe  and  fitting  fi< 
during  the  currency  of 
the  test  is  necessary  and 
essential.    .For  these 
reasons,  therefore,  it  has 

been  strongly  urged  to  . 
substitute  air  under  comp-ession  for  smoke.  The  advantages  and  mente 
of  the  air-test  urged  by  its  advocates  are  these  :  (1)  It  gives  a  positive 
result  •  (2)  it  can  be  ap].lied  to  any  building  and  the  pressure  bo  made 
uniform  ;  (3)  it  can  be  applied  to  covered  or  uncovered  pipes  ;  (4)  it  is 


lOS  shows  Gilbert  Thomson's  Mode  of  Testing  Drains  by 
"pneumatic  Pressure.  By  means  of  the  air-pump  any  air- 
pressuro  up  to  a  reasonable  amount  suflicient  to  test  the 
integrity  of  workmanship  and  material,  may  be  employed. 
The  amount  used  is  indicated  by  the  manometer  or  gauge. 
13y  the  steadines.s  or  fall  in  level  of  the  manometer  is  the 
integrity  or  faultiness  of  the  llttings  determined. 
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easy  of  application  ;  (5)  the  pressure  can  be  regulated  from  a  fraction 
of  an  inch  of  water  up  to  a  number  of  feet  of  water  ;  (6)  leakages  are 
discovered  by  a  fall  occurring  in  the  manometer  at  the  point  of  operation. 
Against  its  use,  it  has  been  urged  that  although  leakages  may 
be  proved  to  exist,  they  are  more  difficult  of  detection  because  there 
is  no  visible  or  olfactory  evidence  of  their  location  as  in  the  smoke- 
test,  and  therefore,  in  the  end,  recourse  must  be  had  to  the  smoke-test. 
To  Gilbert  Thomson  of  Glasgow  must  be  ascribed  the  merit  of  intro- 
ducing and  showing  the  value  of  the  pneumatic  test  as  a  proof  of  sub- 
stantial workmanship  and  excellence  of  quality  of  material.  The 
apparatus  which  he  has  devised  for  the  test  may  be  described  as  follows  : 
—It  consists  of  (1)  an  air-pump  ;  (2)  a  valve  ;  (3)  a  manometer  or  gauge  ; 
(4)  a  brass  | — piece  ;  (5)  some  yards  of  rubber-tubing.  By  using  water 
in  the  manometer  pressure  up  to  four  inches,  and  by  using  mercury, 
a  pressure  of  4^  feet  of  water  may  be  attained.  Defects  in  the  sanitary 
fittings  are  betrayed  by  the  falling  of  the  manometer  on  the  pumping-in 
of  air  being  stopped.    {Vide  Fig.  108.) 

The  use  of  oclorous  substances,  such  as  oil  of  peppermint  followed 
by  hot  water,  has  been  advocated  for  buildings  of  old  standing  in  the 
drainage  system  of  which  there  is  no  disconnecting  trap  or  chamber. 
Apart  from  the  inefficiency  of  such  substances  to  detect  any  other 
than  very  substantial  or  gross  flaws,  the  very  fact  that  no  disconnecting 
apparatus  exists  ought  of  itself  to  condemn  the  system  as  insanitary 
and  dangerous  to  health.  In  such  a  case  the  drain  should  be  opened 
and  the  smoke-test  or  pneumatic  test  applied  after  a  disconnecting 
trap  has  been  introduced. 

Plan  of  Drains. — The  Public  Health  (Scotland)  Act,  1897,  section 
181,  gives  power  to  Local  Authorities  to  make  bye-laws  respecting  the 
production  of  plans  with  reference  to  the  proposed  system  of  drainage 
of  new  buildings.  Glasgow,  Aberdeen,  Dundee,  Greenock,  and  local 
authorities  of  other  burghs  demand  the  production  of  such  plans  to 
scales  laid  down.  A  good  scale  is  that  adopted  by  Aberdeen,  viz.  : 
J-inch  to  the  foot.  Section  120  of  the  aforementioned  Act,  and  s.s. 
2.38  and  239  of  the  Burgh  Police  (Scotland)  Act,  1892,  enact  that  no 
building  shall  be  erected  until  a  sufficient  drain  or  sewer  has  been 
constructed  from  a  common  sewer  to  a  point  opposite  the  proposed 
building,  provided  that  a  common  sewer  exists  within  100  yards  of  the 
proposed  building,  or  until  the  Local  Authority  is  satisfied  that  a 
proper  channel  for  sewage  can  and  will  be  provided.  An  exact  plan  of 
the  drainage-system  of  every  occupied  building  should  be  possessed 
by  the  owner.  Such  plans  at  first  sight  seem  complicated ;  but  they 
may  be  rjuickly  understood.  Much  unnecessary  expense  and  trouble 
are  saved  by  such  plans  {vide  Figs.  78,  83). 

Disinfection  of  Drains. — It  is  neither  simple  nor  easy  to  disinfect,  in 
the  true  sense  of  the  word,  a  drain,  and  much  less  a  sewer.  To  achieve 
scientific  disinfection  would  be  both  laborious  and  costly.  The  fashion 
of  adding  disinfectants  in  small  quantities  is  simply  a  delusion,  because 
of  the  degree  of  dilution  which  these  undergo.  Certain  disinfectants 
as  corrosive  sublimate,  chlorinated  lime,  ancl  others,  which  are  passed 
into  soil-pipes  with  this  object,  attack  the  metal  of  the  pipes,  the  first 
acting  especially  as  a  solvent  of  the  solder.    The  best  and  cheapest  dis- 
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infcctants,  which,  moreover,  are  secured  by  efficient  ventilation  of  traps 
and  pipes,  are  fresh  air  and  a  plentiful  supply  of  water.  If  all  channels 
are  well  flushed  with  both  of  these,  there  is  no  need  for  attempted 
chemical  disinfection. 

Before  leaving  the  subject  of  house-drainage,  the  terra  "  house- 
drain  "  ought  to  be  defined  in  order  to  distinguish  between  that  channel 
and  the  sewer.    A  house-drain  may  be  said  to  be  that  channel  which 
receives  the  waste-water,  rain-water,  and  excretal  products  from  one 
building  ;  the  sewer,  that  channel  which  receives  these  products  from 
several  buildings  by  way  of  the  house-drains.    It  is  for  this  reason 
that  in  Scotland  the  sewer  is  usually  called  the  common  sewer.  The 
Public  Health  (England)  Act,  sec.  4,  defines  a  drain  as  "  any  drain  of 
and  used  for  the  drainage  of  one  building  only,  or  premises  within  the 
same  curtilage,  and  made  merely  for  the  purpose  of  communicating 
therefrom  with  a  cesspool  or  other  like  receptacle  for  drainage,  or  with 
a  sewer  into  which  the  drainage  of  two  or  more  buildings  or  premises 
occupied  by  different  persons  is  conveyed  "  ;  and  a  sewer,  as  including 
sewers  and  drains  of  every  description  except  drains  to  which  the  word 
"  drain  "  interpreted  as  above  applies,  and  except  drains  vested  in  or 
under  control  of  any  authority  having  the  management  of  roads  and 
not  being  a  Local  Authority  under  this  Act.    In  the  Metropolis  Local 
Management  Act,  1855  (18  &  19  Vict.  cap.  120,  sec.  250),  the  word 
"  drain  "  is  held  to  "  mean  and  include  any  drain  of  and  used  for  the 
drainage  of  one  biiilding  only  or  premises  within  the  same  curtilage, 
and  made  merely  for  the  purpose  of  communicating  with  a  cesspool  or 
other  receptacle  for  drainage  of  two  or  more  buildings."    In  Pilbrow 
V.  St.  Leonard's  Vestry,  Shoreditch  {Times,  Nov.  3,  1894),_  the  ques- 
tion in  dispute  was  whether,  in  artisans'  dwellings  consistmg  of  two 
blocks  of  forty-six  sets  of  apartments  draining  into  a  common  dram 
by  twelve  branch-drains,  the  common  drain  was  a  drain  or  a  sewer  m 
terms  of  section  250.    The  Court  held  that  the  "  common  dram was 
a  drain  and  not  a  sewer,  and  that  the  premises  were  one  curtilage. 
There  is  no  definition  of  drain  or  sewer  in  the  Public  Health  (Scotland) 
Act  1897,  or  in  any  other  Public  Health  Act  relating  to  Scotland.  In 
the 'Glasgow  Buildings  Regulations  Act,  1900,  "drain"  means  any 
drain  or  pipe  which  connects  the  waste-  or  soil-pipes  or  conductoi-s  ot 
a  building  or  buildings  with  a  sewer  or  cesspool.  . 

Sewers.— These  channels  which  receive  the  sewage  fi-om  the  drams 
of  houses,  and,  usually  also,  the  rainfall,  street-washings,  and  effluents 
from  trade  processes,  commonly  run  in  the  centre  of  the  street  or  roadway. 
They  are  like  the  veins  of  the  circulatory  system,  in  respect  that  their 
size  becomes  larger  as  the  outfall  is  neared.  In  any  particular  case, 
the  sewer  must  not  only  be  made  large  enough  to  carry  away  a  present 
total  estimated  amount  of  sewage,  but  also  to  include  a  futiire  possible 
increase.  Their  shape  is  either  round,  oval,  or  egg-shaped,  the  best 
shape  being  the  last-named,  since  it  offers  the  minimum  amount  oi 
friction  to  velocity  of  flow,  and  as  the  volume  of  flow  becomes  diminisliea 
this  resistance  is  proportionally  reduced,  whereas  in  the  circular  lorm, 
on  reduction  of  volume  of  flow  the  resistance  is  relatively  increased. 
The  smaller-sized  sewers  are  now  constructed  of  glazed  fireclay,  and  or 
egg-shape,  the  larger  of  brick  smooth-lined  and  of  like  shape. 


HOUSE  DRAINAGE 


263 


The  points  to  bo  aimed  at  in  the  construction  of  sewers  are  as  follow  : 
(1)  To  ensure  uniform  and  constant  velocity  of  flow ;  (2)  To  secure 
by  sufficient  gradient  such  velocity  of  flow  as  will  remove  solids  but 
win  not  unduly  wear  brickwork  of  sewer  ;  (3)  To  prevent  sedimentation 
and  deposition  of  solid  material  at  junctions  ;  (4)  To  minimise  back- 
watering  as  much  as  possible  at  the  outfall  on  tidal  rivers  ;  (5)  To 
secure  by  ventilation  the  greatest  possible  piuity  of  air  of  sewer  ;  (6) 
To  prevent  by  like  provision  the  forcing  of  house-drain  traps  or  other 
traps  of  houses.    The  velocity  of  flow  in  sewers  should  not  be  less  than 

2  or  3  feet  nor  more  than  4  to  5  feet  per  second,  because  such  mean 
velocity  will  effect  removal  of  solids  without  undue  prejudice  to  brick- 
work. The  fall  in  sewers  should  be  1  in  240 ;  where  the  gradient  is  less, 
deposits  are  apt  to  form.  It  happens,  however,  in  exceptional  circum- 
stances that  such  a  fall  as  the  foregoing  cannot  be  obtained  with  relation 
to  the  position  of  the  most  suitable  place  for  disposal  of  sewage  into  the 
sea  or  for  purification.    In  Brighton,  for  example,  the  fall  is  only  about 

3  feet  per  mile,  or  1  in  1760.    In  other  districts  still  more  level,  and  where 
a  proper  sewer  gradient  cannot  be  obtained  without  very  deep  cutting  or 
tunnelling,  it  is'better  and  cheaper  to  adopt  the  Shone  system,  in  which 
by  means  of  his  patent  ejectors  worked  by  compressed  air,  from  a  central 
station,  the  sewage  is  lifted  from  one  level  to  another,  each  section  of 
sewering  being  laid  Avith  a  proper  fall,  thus  utilising  all  the  assistance 
which  gravity  is  able  to  give.    The  ejector  is  a  cylindrical  reservoir 
having  an  inlet  and  an  outlet  pipe  for  the  entrance  and  exit  of  the 
sewage,  each  pipe  being  provided  with  a  ball  valve,  and  the  inlet  pipe 
having  the  shape  of  a  siphon.    By  means  of  tubes  which  are  con- 
ducted along  the  upper  flat  surface  of  the  exterior  of  the  reservoir, 
compressed  air  is  injected  by  the  automatic  action  of  a  float  on  a  coun- 
terpoised lever  which  opens  the  air-valve.    This  float  rises  as  the 
reservoir  fills  with  sewage,  and  at  a  given  height  sets  this  mechanism 
in  operation.    The  efiect  of  the  admission  of  compressed  air  is  to  close 
the  inlet  valve,  liberate  the  outlet  ball-valve,  and  to  drive  or  eject  the 
sewage  out  of  the  reservoir  by  means  of  the  outlet  pipe  into  the  section 
of  sewers  at  a  higher  level,  by  which  it  flows  by  gravity  into  the  next 
ejector,  and  so  on  until  the  outfall  is  reached.    It  is  claimed  for  the 
process  that  two  such  ejectors,  each  of  a  capacity  of  100  gallons,  are 
separately  capable  of  raising  75  gallons  of  sewage  to  a  height  of  50  or  60 
feet,  and  that  they  suffice  for  the  convection  of  the  sewage  and  rainfall  of 
an  area  of  2000  inhabitants.    This  system  has  been  in  operation  since 
1896  in  Arad,  Hungary,  and  disposes  of  the  sewage  of  20,000  persons 
by  means  of  five  ejector  stations ;  also  in  Eastbourne,  Southampton, 
Warrington,  and  in  Cape  Town  and  Rangoon. 

Flov)  in  Seivers. — There  are  certain  terms  and  equivalents  used  in 
hydraulic  formulae  with  which  the  student  ought  to  be  acquainted. 

P=  Pressure  in  lbs.  per  square  inch. 

H=Head  or  column  of  water  in  feet. 

V=  Velocity  (theoretical)  in  feet  per  second. 

G=  Gravity  =  32-2  ft.  per  second. 
Pressure  in  lbs.  per  square  inch  —  H  X  -4335. 
Head  of  Water  =  P  X  2-307. 

Pressure  in  lbs.  per  square  foot  =  H  X  62-425. 
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One  cubic  foot  of  water  =  62425  lbs.  =  -557  cwt. 

One     „  incli       „  =  •03612  lb. 

One  gallon  of  water  =  10  lbs.  =  -16  cubic  foot. 

One  cubic  foot  of  water  =  6-24  gallons  =  6^  gallons. 

One  cwt.  of  water  =  1-8  cubic  feet=ll-2 

V=  J2GX  JH. 

H=^=  -015572.    iL=  -0155. 

2tr  2g 

1.  To  find  the  velocity  of  any  given  bead  of  water  : 

Multiply  tbe  square  root  of  twice  the  gravity  by  the  square 
root  of  the  given-  head. 
Example  :  If  an  18"  pipe  at  a  gradient  of  1  in  900  gives  a  velocity  of 
2  feet  per  second,  what  would  the  velocity  be  if  the  gradient 
were  changed  to  1  in  100,  the  pipe  running  half-full  in  each 
case  ?  Here,  the  only  factor  that  is  changed  is  the  difference 
in  gradient — viz.  from  1  in  900  to  1  in  100,  or  9  in  900. 
Velocity  varies  as  the  square  root  of  the  inclination,  other  things 
being  equalj 

.-.  ^9=3.    .-.  3x2=6  feet  per  second. 

2.  To  find  the  fall  required  to  give  a  certain  velocity. 

Example  :  If  in  a  6"  circular  pipe  with  a  fall  of  3  inches  in  10  feet 
the  velocity  is  5-5  feet  per  second,  what  fall  vnLl  be  required 
to  produce  a  velocity  of  11  feet  per  second  ? 

The  fall  must  be  in  the  ratio  of  the  squares  of  the  given 
velocities. 

A  fall  of  3"  in  10  feet=l  foot  in  40  feet. 

.-.  112;  5-52  :  :  40  feet:  x; 

=  121  :  30-25  :  :  40  feet :  x 

=  4:1::  40  feet :  x 

=03=10  feet :  or  a  fall  of  1  in  10  feet. 
Hydraulic  Mean  Depth. — This  term  means  the  depth  of  a  rectangular 
channel  whose  sectional  area,  and  therefore  the  volume  of  whose  current, 
equals  that  of  a  curvilinear  channel  under  consideration,  and  whose 
width  equals  the  entire  wetted  perimeter  of  the  latter  ;  put  more  shortlj', 
it  is  the  sectional  area  divided  by  the  wetted  perimeter. 

For  a  circular  pipe  (running  half-fidl)=-^^^^^^^^^^^; 

or       —       Hydraulic  mean  depth  is  half  the  radius. 

Calculation  of  Discharge  from  Sewers. —Various  formute  are  employed 
for  this  purpose,  but  we  only  adduce  two  of  these,  viz.  : — 

Eytelwcin's  formula.  F=55x  ^/7)x  2i^x4=Discharge  in  cubic 
feet  per  minute.   

Fleeming-Jenkins'  do.    F=92-67  VFxZ)X^=Discharge  in  cubic 

feet  per  minute. 

V=  Velocity  in  cubic  feet  per  minute. 
D=  Hydraulic  mean  depth. 
F=Fall  in  feet  per  mile. 

A= Sectional  area  of  fluid  current  in  channel. 
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First,  ascertain  values  of  D  and  F.  ,      .     .,  . 

D  =  One-quarter  of  the  diameter  of  circular  pipe  it  running 
full ;  if  not  full,  it  is  the  sectional  area  divided  by 
the  wetted  perimeter. 
For  egg-shaped  sewers,  it  is— 

(a)  Sewer  running  full  bore  =  Transverse  diameter  X  •  ^89/ 

(b)  ,.  „  two-thirds  full  =       „  „  X -3157 

(c)  „  one-third  full  =  „  »  •  .  X  "SO^e 
F  is  found  by  estimating  the  fall  in  a  measured  distance  of 

100  or  200  feet  and  calculating  in  terms  of  5280  feet 
per  mile. 

In  the  newest  form  of  sewer,  the  vertical  height  is  equal  to  one  and 
a  half  times  the  transverse  diameter,  and  the  radius  of  invert  to  one- 
eighth  the  transverse  diameter. 

Planning  of  Sizes  of  Seivers.— In  estimating  sizes  of  drains  and  sewers 
in  a  sewerage-system,  engineers  are  guided  by  certain  practical  rules 
derived  fi'om  the  combined  results  of  observation  and  experience. 
These  are  formed  for  separate  units  and  for  combinations  of  units  of 
area,  these  sometimes  being  spoken  of  as  the  separate  system  and  the 
combined  system  respectively,  although  erroneously  as  will  be  considered 
later. 

In  the  separate  unit  area  the  factors  to  be  taken  into  account,  based 
upon  averages,  are  three  in  number — viz.  {a)  rainfall  per  head  per  day, 
(6)  water-supply  or  sewage  per  head  per  day,  and  (c)  average  number 
of  units  per  family.  The  allowance  made  for  {a)  is  15  gallons,  for  (6) 
25  gallons,  and  for  (c)  five  ;  thus  giving  a  total  of  200  gallons  per  family 
per  day  to  be  removed. 

In  the  combination  of  units  area  there  are  also  three  factors  to  be 
considered — viz.  (a)  the  area  built  over  and  the  area  of  road ;  {b) 
the  maximum  rainfall  of  the  district  reckoned  at  the  highest  recorded 
rate  per  hour,  and  (c)  the  sewage  per  head  for  total  inhabitants  of 
combined  areas. 

From  these  factors,  with  a  reasonable  allowance  of  margin,  the  highest 
total  possible  volume  of  sewage  at  different  points  of  the  sewerage-system 
may  be  calculated,  and  from  these  possible  volumes  the  respective  sizes 
of  sewers  to  be  provided. 

The  Local  Government  Board  requires  that  all  sewers  on  the  separate 
system  shall  be  constructed  of  such  a  size,  etc.,  as  to  be  able  to  discharge 
six  times  the  dry-weather  flow  when  running  full.  Thereafter  storm- 
water  overflows  come  into  operation  and  discharge  the  excess  into 
water-courses.  The  dry-weather  flow  of  sewage  is  usually  reckoned  as 
the  volume  of  the  water-supply  per  head  multiplied  by  the  total  number 
of  inliabitants  within  the  area  sewered,  the  former  being  taken  in  the 
average  place  as  25  gallons  per  head  per  day.  Hence  25  X  6=150 
gallons,  the  amount  to  be  provided  for  per  inhabitant  in  sewers  before 
the  storm-water  overflows  come  into  action. 

VentilaLion  of  Sewers. — In  some  populous  places,  as  Bristol,  the 
sewei-s  are  unvcntilatcd  ;  and  it  is  alleged  that  the  only  time  when 
complaints  of  smells  arise  in  that  city  is  after  ])rolonged  drought  when 
the  gully-traps  become  dry.  Statistical  evidence  of  ■  those  diseases 
attributable  to  sewer  influence  shows  no  excess  of  mortality  in  that 
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city.  In  most  towns  and  cities,  however,  the  sewer-system  is  venti- 
lated by  means  of  gratings  situated  in  the  roadway,  while  in  a  smaller 
number  of  populous  places  special  ventilation-shafts  are  substituted  for 
the  gratings.  Ventilation  into  mill  and  other  public  works'  clumneys 
has  been  tried  in  such  places  as  Burton,  Bradford,  Hull,  Leeds  and 
Gloucester.  But  this  plan,  so  far  as  it  has  been  examined,  is  not  held 
to  be  satisfactory.  It  is  said  that  in  the  three  last-named  towns  the 
air  of  the  sewers  is  not  affected  beyond  200  yards  from  the  chimney. 
In  the  Brighton  system,  the  main  outfall-sewer,  and  to  some  extent  the 
town-sewers  are  ventilated  by  means  of  a  furnace  and  tall  chimney 
placed  at  the  outfall.  The  gratings  referred  to  are  placed  at  distances 
of  from  40  to  100  yards  apart,  and  there  is  little  doubt  that  an  inter- 
change is  effected  between  the  air  of  the  sewer  and  of  the  outer  atmos- 
phere. ;  The  ventilating  action  is,  however,  fitful  and  variable  ;  some  of 
these  gratings  act  at  one  time  as  outlets,  and  at  others  as  inlets,  while 
at  another  time  their  action  respectively  is  reversed,  the  incidence 
of  their  action  depending  upon  local  air-movements,  and  the  admission 
of  hot  water  or  spent  steam  at  given  points  into  the  sewers.  There  can 
be  no  doubt  that  ventilation  of  sewers  is  necessary,  but  the  best  plan 
to  attain  this  can  only  be  decided  by  local  circumstances.  Whether 
the  time  will  come  when  the  sewer-system  of  towns  and  cities  will  be 
ventilated  as  carefully  as  the  interior  of  inhabited  dwellings,  hospitals, 
or  other  large  buildings,  it  is  difficult  to  say,  but  there  is  no  doubt  that 
the  present  mode  of  ventilating  into  streets  and  roadways  exercises 
prejudice,  in  some  measure,  to  the  public  health.  It  would  be  an  in- 
finitely superior  method  to  the  roadway  gratings  to  ventilate  by  tall 
shafts  placed  at  suitable  points,  from  which  a  current  of  air  could  be 
drawn  through  the  sewers  by  the  motive  power  of  a  furnace  and  taU 
chimney  erected  at  the  outfall-works. 

Sewer-Air  and  Sewer-Gases. — It  is  universally  admitted  that  the 
respiration  by  persons  of  an  atmosphere  containing  an  admixture  of 
sewer-air  and  sewer-gases  is  productive  sooner  or  later  of  illness.  Since 
drains  and  sewers  carry  fluids  in  an  active  state  of  decomposition,  foul- 
smelling  gases,  consisting  chiefly  of  compounds  of  sulphur  with  hydrogen 
or  ammonia,  are  bound  to  be  given  off.  That  the  inspiration  of  air 
largely  contaminated  with  these  gases  is  fatal  to  human  life  has  been 
proved  on  not  a  few  occasions  in  London,  Glasgow,  and  elsewhere,  by 
deaths  of  workmen  in  sewers.  From  constant  exposure  to  much  smaller 
quantities  ill-health  is  occasioned,  as  shown  by  loss  of  appetite,  malaise, 
debility,  ansemia,  and,  sometimes,  by  eruptive  skin-diseases,  as  boils, 
etc.  The  composition  of  sewer-air  obviously  depends  upon  the  measure 
of  free  ventilation  which  exists,  and  this  factor  must  be  held  to  account 
for  the  great  differences  found  in  analyses  of  such  air.  _  Reduction 
in  volume  of  oxygen  and  increase  in  volume  of  carbonic  acid  and 
hydrogen  sulphide  seem  to  be  the  outstanding  characteristics  of 
sewer-air,  and  the  respective  amounts  of  these  would  appear  to 
depend  upon  the  ventilated  or  unventilated  condition  of  the  sewer 
from  which  the  air-samples  are  drawn.  In  addition,  however,  to 
these  malodorous  gases,  there  are  others  wliich  possess  a  faint,  sickly, 
or  fetid  odour,  and  which  appear  to  be  composed  of  compounds 
of  carbon  and  ammonia  and  carbon  and  hydrogen.     Of  greater 
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uuportance,  perliaps,  than  these,  arc  the  micro-organisms  of  sewer-air 

of  the  pathogenic  type.  .   •       .  ■ 

Much  information  on  the  subject  of  sewer- air  mvestigations  may  be 
)btained  from  the  reports  by  Parrv  Laws,  F.I.C.,  to  the  Main  Dramage 
I'ommittee  of  the  London  County  Council  in  1892  and  1893.  He 
notes  the  results  of  Carnelly  and  Haldane's  observations  on  the  air  of 
I  he  main  sewer  of  Westminster  Palace  and  in  various  sewers  in  Dundee, 
which  mainlv  were  as  follow  :— (1)  that  the  amount  of  COg  was  about 
I  wice  and  the  organic  matter  about  three  times  as  great  as  in  the  outside 
air  at  the  same  time  ;  (2)  that  the  number  of  micro-organisms  was  less 
111  sewer- air  than  in  the  outside  air  at  the  same  time ;  and  (3)  that 
sewer-air  contained  a  much  smaller  number  of  micro-organisms  than  the 
u-  in  anv  class  of  house  they  had  investigated,  and  was  in  a  very  much 
Dctter  condition  than  the  air  of  naturally  ventilated  schools,  and,  ex- 
.  epting  the  amount  of  organic  matter,  than  the  air  of  mechanically 
ventilated  schools. 

Laws'  own  results  were  to  the  following  effect :—  (1)  that  the  micro- 
orcfanisms  in  sewer-air  are  related  to  the  organisms  in  the  air  outside  and 
not  to  the  organisms  of  the  sewage  ;  (2)  that  in  the  air  both  within  and 
without  the  sewer  the  forms  of  organisms  present  are  almost  exclusively 
moulds  and  micrococci,  whereas  the  organisms  of  sewage  are  for  the 
most  part  bacilh  ;  and  (3),  though  not  warranted  by  any  evidence,  that 
it  is  quite  conceivable  that  the  danger  of  sewer-air  in  its  causal  relation 
to  disease  is  an  indirect  danger. 

Arthur  1  disagrees  with  these  views.    He  showed  that  at  a  sewel- 
ventilator  with  an  in-going  current  of  air  the  number  of  organisms  was 
'.greater  than  in  the  outside  air,  and  he  claims  to  have  found  M.  urece, 
long  with  either  B.  coli  communis  or  B.  typhosus  in  sewer-air. 

Delepine's  investigations  on  the  influence  of  sewer-air  upon  health, 
conducted  at  the  instigation  of  the  Corporation  of  Manchester  during 
1908,  indicated  that  the  air  of  a  w-ell  constructed  sewer  carrying  mod.er- 
ately  dilute  average  sewage  is  free  from  appreciable  noxious  properties, 
but  that  in  the  case  of  a  sewer  in  which  sedimentation  of  excretal  matters 
has  taken  place,  or  of  those  in  which  certain  kinds  of  trade  effluents  and 
waste  products  are  carried,  noxious  gases  deleterious  to  health  are 
likely  to  be  given  off. 

Despite,  however,  the  researches  of  Laws  and  Andrewes  and  others 
on  the  micro-organisms  of  sewage  and  sewer-air,  micro-organisms  of 
disease  must  sometimes  pass  from  sewers  with  the  air.    It  is  established 
that  air  cannot  take  up  organisms  either  from  a  column  of  liquid  or 
from  a  wetted  surface,  but  it  is  equally  well  proved  that  air  can  dislodge 
them  from  a  desiccated  surface,  else  conclusions  respecting  air-borne 
infection  of  tuberculosis  from  dried  sputum  arc  wide  of  the  mark. 
Therefore  after  long  periods  of  drought,  when  the  upper  sections  of 
sewers  become  dry,  it  is  not  difficult  to  conceive  that  bacilli  and  spores 
might  be  carried  in  the  sewer  air.    This  question  demands  still  further 
investigation  over  long  continuous  periods  before  dogmatic  conclusions 
can  be  formulated.    It  is  difficult  to  disassociate  in  the  mind  as  cause 
and  effect  the  continued  ill-health  of  families  in  houses,  as  exhibited  by 
sore  throat,  diphtheria,  and  enteric  fever,  and  the  discovery  of  a  corroded 
'  Congress  Inatit.  Pub.  Health,  1894. 
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and  perforated  soil-i)ipc  in  the  interior  of  the  dwelling.  Further,  it  has 
often  been  remarked  in  populous  centres  that  filth  diseases  are  less 
prevalent  in  a  wet  than  in  a  dry  summer  and  autumn.  While,  doubtless, 
other  factors  have  an  influence  in  the  causation  of  these,  the  eli'ect  of 
dry-walled  sewers  cannot  be  left  entirely  out  of  count. 

Mode  of  Conducting  an  Investigation  into  the  Sanitary  Efficiency  of  a  Dwelln  ,  . 
— This  resolves  itself  into  different  lines  of  inquiry,  depending  upon  the  8C(jpe 
or  limits  of  the  investigation  and  the  objects  for  which  such  an  inquiry  is  de- 
manded. If  the  object  of  the  inquiry  is  whether  a  house,  or  part  of  a  tenein' 
building  is  or  is  not  fit  for  human  habitation,  attention  mast  be  devoted  to  (a; 
structural  deficiencies,  in  the  form  of  dilapidation  of  walls,  ceiling,  floor,  tlie 
presence  of  dampness,  etc.  ;  (b)  deficiency  of  light  ;  (c)  absence  of  means  of 
ventilation  and  the  impossibility  of  estabhsliing  through  ventilation  in  under- 
ground rooms  ;  and  (d)  absence  of  adequate  arrangements  for  disposal  of  ni ; 
soil  and  household  waste.  Where,  on  the  other  hand,  the  object  is  to  disco\Li 
the  integrity  of  the  sanitary  fittings  in  cormection  with  a  water-carriage  system 
of  disposal  of  sewage,  a  more  restricted' line  of  investigation  is  called  for.  In 
the  fir.st  place,  each  sanitary  fitting  and  its  connections  within  the  dwelling 
must  be  inspected  to  see  if  each  possesses  a  suitable  trap,  and  in  the  case  of  the 
closet-fitting,  whether  the  water-flush  is  sufficient  or  not,  and  what  is  the  form 
of  the  closet  relative  to  efficiency.  It  is  important  at  the  same  time  to  note  the 
condition  of  the  water-closet  apartment  with  respect  to  possibihty  of  ventilation 
and  its  position  with  relation  to  the  other  apartments.  Thereafter  the  external 
fittings  should  be  inspected  so  far  as  is  possible  from  the  ground-level.  The 
points  to  be  noted  are  :  ( 1 )  whether  or  not  the  soil-pipe  is  carried  for  at  least  a 
distance  of  three  feet  above  the  eaves,  and  its  position  relative  to  windows  ;  (2) 
whether  the  waste-water  system  is  separated  from  the  soil-pipe  system  ;  (3) 
the  mode  of  connecting  main  waste-pipe  and  soil-pipe  with  house-drain,  and  the 
presence  or  absence  of  traps  at  or  near  the  points  of  junction  ;  (4)  the  general 
plan  of  drainage  and  course  of  drains.  Thereafter,  the  integritj^  of  the  pipes 
and  fittings  must  be  tested  either  by  the  smoke-  or  pneumatic  test.  The  effect 
of  both  tests  has  been  already  described,  but  the  mode  of  applying  the  smoke- 
test  must  be  explained  more  fully.  The  first  step  to  be  taken  is  to  cover  the 
upper  extremity  of  the  soil-pipe  with  a  slate  luted  with  clay,  so  as  to  make  it 
air-tight,  and  also  the  upper  end  of  the  main  waste-water  pipe,  if  both  main 
pipes  be  controlled  by  the  same  trap  beyond  their  jimction  ^vith  the  house- 
drain.  Then  the  ventilating  eye  or  opening  of  the  disconnecting  trap  is 
vmcovered,  and  the  exit-pipe  of  the  smoke-generating  macliine  is  fitted  into  it, 
and  luted  well  round  with  wet  clay  so  as  to  make  it  also  air-tight.  When  this 
is  accomplished,  smoke  is  driven  into  the  pipes  tmtil  they  are  completely  filled 
under  some  pressure,  as  shown  by  its  presence  in  the  upper  extremity  of  the  soil- 
pipe  or  waste-pipe  on  momentary  removal  of  luting  material.  At  this  stage 
each  apartment  in  which  a  fitting  is  placed — bath,  sink,  wash-hand  basin,  water- 
closet,  or  urinal — is  examined  for  the  odour  or  appearance  of  smoke,  and  the 
soil-pipe  and  waste-pipe  on  the  outside  wall  are  scanned  for  evidences  of  emission 
of  smoke,  and  if  such  be  foimd,  they  are  noted.  In  the  event  of  neither  odour 
nor  appearance,  of  smoke  being  discoverable  in  anj^  of  the  apartments,  and  if  no 
smoko  be  seen  to  issue  from  the  main-pipes  after  careful  examination,  it  may  be 
reckoned  that  no  definite  breach  of  pipes  exi.sts.  If,  on  the  other  liand,  odour 
of  smoke  bo  discovered  in  any  of  the  apartments,  careful  search  must  be  in- 
stituted until  the  source  of  leakage  is  discovered.  Thereafter,  tlie  deficiency 
must  bo  remedied.  The  pneumatic  test  is  more  searching,  however,  than  the 
smoke-tost,  and  it  is  calculated  to  discover  not  only  defiTiite  breaches  in  the  pilJCS 
and  defective  workmanship,  but  also  defective  jnat<>rial  which  might  not  Ije 
detected  by  the  smoke-test.  The  advantage  of  this  test  over  the  otlier  is  that 
varying  degrees  of  testing-pressure  may  bo  employed.  The  mode  of  appheation 
is  exactly  the  .same  as  the  other,  and  so  is  the  place  where  the  air-]nuup  is 
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.plied.    Leakage  is  indicated  by  the  gi-adual  lowering  of  the  prGSSure  in  the 
niometev,  and  the  degi-ee  of  defect  in  the  pipes  by  the  rapidity  in  ffll  of  ^he 
■^siu-e  or  by  the  pressure-gauge  refusing  to  rise.    The  practical  dilhculty, 
xvever'  now  arises  as  to  the  situation  of  the  leak  or  leaks,  which,  obviously, 
■  m  onlv'be  discovered  by  the  hissing  or  sibilant  sound  which  air  escaping  under 
„v.sure  from  a  small  opening  is  likely  to  cause.    This,  however,  is  likely  to  be 
wont  where,  for  example,  defect  in  the  internal  structiwe  of  a  cast-iron  pipe, 
,  li  as  defects  in  casting,  is  the  only  cause  of  the  lowering  pressure.    In  such 
,os  the  smoke-test  would  be  of  little  value,  because  the  pressure  is  insufecient 
.rdinary  circumstances  to  reveal  the  defect.    It  may  happen,  however,  that 
cause  mav  be  fomid  in  minute  defects  of  joints,  or  in  pin-hole  openings  in  the 
,  ,  .ntinuity  of  pipes,  or  in  craclts  at  bends.    The  sanitary  fittings  of  a  dwelhng 
,.rht  to  be  so  perfect  when  fu-st  installed  that  they  will  stand  some  inches  of 
assure  by  the  pneumatic  test.    It  is  quite  obvious  that  if  the  various  traps  of 
-  -.iiitary  attings  are  ventilated  into  a  special  ventilating  shaft,  that  it,  m  addition 
to  soil-pipe  and  main-pipe,  should  also  be  closed  air-tight  at  its  upper  ex- 
tiemity  dm-ing  the  test.    Where  a  tenement  of  houses  is  being  examined, 
Mention  must  be  paid  to  trap-ventilation  with  reference  to  siphomng  of  traps 
I  a  soil-stack,  or  main  waste-water  stack. 

It  may  be  necessary  to  conduct  an  inquiry  into  the  condition  of  a  house  with 
lorence'to  gi-ound-damp  and  dampness  in  walls.    Groimd-damp  and  wall- 
iuipness  usually  arise  from  absence  or  inefficiency  of  damp-proof  courses  m 
klls  and  from  the  absence  of  an  impervious  layer,  such  as  asphalt,  between 
■oring  and  groimd-level.    In  such  cases  removal  of  planks  of  flooring  at  differ- 
at  points  of  the  apartment  will  reveal  the  true  state  of  affairs,and  digging  down 
x„  the  foimdation  of  the  wall  of  the  building  on  the  outside,  the  existence  or 
.ibsence  of  a  damp-proof  course.    Examination  of  the  flooring  and  joists  at  the 
[loints  where  the  planks  are  uphfted,  will  show  the  presence  or  absence  of  dry- 
rot,  wliich  is  a  f imgus  named  Merulius  lacrymans  which  quickly  grows  in  dark- 
ness, although  it  only  fruits  in  the  light.    It  quickly  spreads  along  the  timbers, 
I  .prmeating  the  wood  in  such  a  manner  that  planks  sometimes  can  be  broken  by 
1(3  hands.''  A  plank  so  affected  looks  warped,  is  dry  and  cracked,  and  may  or 
nay  not  exhibit  fimgus  on  its  exterior.    Wliile  dry-rot  is  commonly  an  indica- 
tion of  deficient  imder-floor  ventilation,  it  is  also  due— and  this  is  probably  the 
)nost  common  reason  in  new  hovises — to  the  use  of  imperfectly  seasoned  wood. 
We  liave  seen  the  whole  woodwork  of  an  apartment  ruined  by  this  fimgus  within 
V  year  after  its  construction,  due  to  this  cause.    In  the  examination  of  coimtry- 
houses  all  the  above  points  must  be  attended  to,  and,  in  addition,  the  mode  of 
sewage-disposal. 


CHAPTER  V^III 

SEWAGE-DISPOSAL  AND  METHODS  OF  SEWAGE- 
PURIFICATION 

By  the  term  sewage-disposal  is  understood  any  method  by  which  the 
sewage  of  a  community  is  conveyed  from  its  vicinity  directly  or  in- 
directly into  a  convenient  water-way,  such  as  a  river,  canal,  or  the  sea, 
without  any  reference  whatever  to  its  purification  other  than  what  the 
processes  of  Nature  may  efiect ;  and  by  the  term  sewage-purification, 
the  removal  from  the  sewage  in  a  more  or  less  efficient  manner  of  those 
impurities  which  have  been  contributed  to  otherwise  more  or  less  clean 
water,  and  the  restoration  to  a  water-way  of  an  effluent  which  consists 
more  or  less  of  clean  water.  In  the  earher  histories  of  populous  places 
the  former  was  the  prevailing  method  where  a  water-way  was  convenient 
into  which  the  seAvage  might  be  poured,  without  any  reference  to  its 
efiects,  immediate  or  remote,  upon  the  population  which  produced  it,  or 
upon  the  riparian  populations  further  down  the  banks  of  the  stream, 
and  also,  without  any  reference  to  the  amenity  of  the  stream  itseli 
From  this  practice  has  arisen  the  gross  pollution  of  our  rivers.  Certain 
populous  places  on  the  seaboard  confine  themselves  solely  to  the  problem 
of  sewage-disposal.  Where  a  place  is  so  situated  that  within  a  few  miles 
there  is  a  suitable  stretch  of  coasthne  upon  which  tidal  currents  produce 
a  seaward  movement,  sewage  may  be  convej^ed  thither,  and  by  storage 
during  flood,  maybe  discharged  at  ebb  tide,  with  theminimumof  nuisance 
or  harm.  But  such  places  are  comparatively  rare.  The  existence  of  a 
convenient  water-way,  as  a  river  especially,  mu.st  be  held  accountable 
for  the  gradually-developed  practice  of  sending  sewage  and  ramfall 
combined  in  one  set  of  channels,  from  which  the  practicability  of  carrjang 
out  efficient  schemes  of  purification  has  been  enormously  handicapped. 
Such  a  result  must  be  attributed  to  the  accident  of  circumstances  rather 
than  to  set  design.  When  the  need  for  sewage-purification  became 
clamant,  engineers  and  sanitarians  together  divided  themselves  mto 
two  large  classes,  the  dividing  line  of  which  was,  whether  or  not,  on  the 
installation  of  purification-schemes,  the  existing  conditions  were  to 
remain  or  to  be  changed  ;  whether,  in  shoi-t,  the  rainfall  should  be  sent 
to  the  river  by  one  set  of  channels,  and  the  sewage  to  the  place  of  purifica- 
tion by  a  second  and  separate  set  of  channels,  or  whether  all  water— pure 
and  impure— should  be  sent  into  the  sewers,  and  by  these  conveyed  to 
the  place  of  purification.  Thus  arose  the  separate  and  combined  systems 
as  they  came  to  be  called.  If  the  question  had  to  be  decided  with  respect 
to  the  installation  of  a  sewage-disposal  and  purification  syster*  ab  mim 
for  a  new  developing  populous  centre,  as  between  the  adoption  ot  one 
system  or  the  other,  consensus  of  opinion  would,  unquestionably,  be  i 
favour  of  the  separate  system,  since,  instead  of  reqiuring  to  construct 
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outfall-sewers  to  take  in  storm-water,  with  all  the  conconiitant  require- 
iiieuts  of  storm-valves  and  bye-passes,  and  to  make  provision  for  the 
rieatment  of  the  excess  of  storm-water  up  to  six  times  the  dry- weather 
tlow,  as  the  combined  system  demands,  the  engineer  can  construct 
channels  of  such  appropriate  size  and  shape  as  are  necessary  to  deal  with 
a  fairly  constant  flow,  and  at  much  less  initial  cost.  Further,  purifica- 
rion  in  the  combined  system,  by  reason  of  the  variability  in  amount  of 
orm-water,  is  inconstant  and  uneven,  and  at  times  illusory,  whereas 
.  the  separate  system  there  is  a  comparatively  constant  and  even  flow 
1.  sewage  to  deal  with,  the  purification  of  which  could  therefore  be- more 
complete.  But  where  a  huge  combined  sewage-system  has  been  gradu- 
ally evolved,  the  enormous  cost  requisite  for  conversion  of  the  combined 
system  into  a  separate  system  is  a  total  bar  to  the  introduction  of  the 
separate  system.  The  sewage  of  a  populous  place  is  constituted  of  the 
products  from  three  distinct  sources — viz.  : 

1.  Domestic  Sewage,  consisting  of  excretal  matters  and  waste-water,  which 

is  composed  cliiefly  of  nitrogenous  and  carbon  compounds  ; 

2.  Manufacturers'  Discharges,  comprehending  the  waste  fluids  from  divers 

trade  processes,  wliich  is  made  up  of  the  most  varied  chemical  com- 
poimds  ;  and 

3.  Municipal  Sewage,  in  which  may  be  included  waste-water  and  other 

fluids  from  stables,  cow-byres,  cleansing  of  streets,  courtyards,  and 
pubhc  conveniences. 

The  respective  amounts  of  these  in  different  sewages  vary,  but  on 
the  whole  there  is  general  similarity  in  the  composition  of  those  of 
populous  places.  It  is  especially  with  respect  to  smaller  towns  which 
are  identified  with  certain  particular  industries,  and  in  which,  therefore, 
the  ratios  between  domestic  sewage  and  trade  effluents  are  abnormal, 
that  the  question  of  composition  of  sewage  has  significance  with  reference 
to  special  modes  of  purification ;  for  example,  where  the  discharges  of 
pot  ale  from  breweries  equal  in  amount  or  form  a  large  proportion  of  the 
domestic  sewage. 

Modes  of  Sewage-Purification  may  be  divided  into  two  classes — 
viz.  : 

I.  Natural. 
II.  Artificial. 

Under  the  former  may  be  included  Surface  or  Broad  Irrigation,  which 
under  special  supervised  conditions  has  been  termed  Sewage  Farming. 
Under  the  latter  are  comprehended  :  (o)  Precipitation  or  the  Chemical- 
Method  ;  [h)  Intermittent  Downward  Filtration  ;  (c)  Bacteriolysis,  or  the 
Biological  or  Bacteriological  Method. 

Such  a  classification  as  above  is  merely  a  working  one,  and  does  not 
pretend  to  be  scientific,  since  in  none  of  the  so-called  Natural  methods 
18  there  absent  some  measure  of  artifice,  while  in  most  of  the  Artificial 
methods  natural  processes  and  agencies  are  important  factors. 

There  are  two  tests  by  which  the  efficiency  of  any  method  of  purifica- 
tion may  be  tried  :  (1)  its  intrinsic  worth  when  in  operation  under  the 
most  favourable  conditions ;  (2)  its  applicability  to  the  circumstances 
of  any  given  place. 
I.  Surface  or  Broad  Irrigation. — In  this  method,  the  sewage  is  con- 
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veyed  to  a  convenient  sloping  piece  of  land,  upon  the  surface  of  which, 
by  means  of  channels  in  which  its  flow  can  be  diverted  where  wanted^ 
the  sewage  is  passed.  The  water  which  percolates  through  the  soii 
ultimately  finds  its  way  into  natural  water-ways,  just  as  does  the  rain. 
If  tlie  soil  be  sandy  or  gravelly,  percolation  is  rapid,  provided  the  surface 
does  not  become  clogged  by  too  long  continuous  flow  over  the  same 
area.  The  land,  so  enriched,  is  used  for  the  abundant  growth  of  certain 
crops,  as  Italian  rye-grass,  etc.  Clayey  or  dense  soils  are  unfitted  for  the 
purpose.  The  method  is  in  operation  in  many  small  towns.  When 
viewedfrom  all  points,  the  system  cannot  be  deemed  successful  or  efficient. 
It  is  apt  to  fail  in  times  of  severe  rainfall  and  frost,  and  the  area  of  irriga- 
tion is  liable  in  warm  weather  to  become  objectionably  odorous.  Reason- 
able success,  however,  may  be  achieved  by  close  supervision.  From  the 
point  of  view  of  applicability,  it  can  but  best  serve  small  rural  towns, 
and  is  rarely  applicable  to  large  populous  centres  because  of  the  enormous 
tract  of  land  required.  In  Birmingham,  for  example,  where  this  system 
is  in  operation,  the  sewage-farm  of  1240  acres  originally  in  use  has  had 
to  be  increased  in  area  to  2432  acres,  or  nearly  double  its  initial  size. 
In  Berlin,  20,000  acres  of  land  were  purchased  for  this  purpose.  The 
results  of  the  system  as  carried  out  in  the  latter  city,  from  the  point  of 
view  of  profit  and  loss,  cannot  be  compared  with  those  of  other  places, 
because  the  labour  is  provided  chiefly  by  persons  condemned  for  minor 
misdemeanours,  and  therefore  costs  nothing  except  for  the  maintenance 
of  those  employed.  The  system,  although  still  in  use  in  Edinburgh, 
has  out-grown  its  suitability. 

Sewage  Farms  fail  in  their  purpose  without  the  closest  supervision. 
With  such  supervision,  however,  and  suitable  land,  they  may  be  worked 
to  a  high  pitch  of  efficiency.  For  example,  the  sewage  of  Wrexham, 
with  a  population  of  12,000,  is  treated  on  150  acres  of  good  land.  As  the 
efficient  from  this  farm  runs  into  the  river  Dee  above  the  in-take  of  the 
Chester  Water  Company,  it  is  imperative  that  the  effluent  should  be 
satisfactory. 

II.  Intermittent  Dowmvard  Filtration. — The  essential  factors  of  this 
system  are  :  (1)  land  suitable  in  kind  and  in  area ;  (2)  preparation  of 
land  into  a  series  of  plots  in  the  form  of  large  filter-beds ;  (3)  a  con- 
venient water-way  into  which  to  run  the  effluent.  The  intrinsic  merits 
of  the  system  are  high.  The  prime  cost  of  installation  is  very  consider- 
able. Not  only  must  the  outfall-sewers  be  extended  to  the  site  chosen, 
and  tanks  and  channels  be  erected  there,  but  the  site  itself  must  be 
speciallv  prepared  for  operation.  The  land  must  be  excavated  to  a 
depth  of  six  feet,  the  bottom  laid  with  agricultural  tile-pipes  at  regular 
intervals,  and  on  top  of  these  from  below  upwards,  successive  layers 
of  small  boulders,  gravel,  and  the  natural  soil  if  porous,  or,  if  not,  im- 
ported sandy  soil.  These  plots,  so  prepared,  are  simply  huge  filter- 
beds,  through  which  free  percolation  of  fluids  not  only  takes  place,  but 
by  the  action  of  nitroso-  and  nitro-bacteria,  complex  albuminous  sub- 
stances are  split  up  into  elementary  gases,  and  nitrites  and  nitrates  are 
formed.  From  a  tanlc  at  the  works  the  sewage  during  dry- weather  flow 
can  be  run  by  gravitation  to  the  plots  in  series,  or  where  the  levels  do 
not  allow  of  this,  and  during  storm-flow,  auxiliary  pumping  from  a 
storage-tank  must  be  employed.    The  sewage  is  distributed  by  channels 
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0  a  j^iven  plot  or  plots  working  in  series,  and  in  such  rotation  that  each 
il.ot  or  series  works  for  six  and  rests  for  eighteen  hours,  so  as  to  allow  of 
omplete  re-aeration  of  the  soil.    The  percolated  fluid  which  constitutes 
he  effluent  finds  its  way  by  an  artificially  prepared  channel  into  an 
idjacent  water-way ;    the  solids  are  incorporated  into  the  soil  by 
iidinary  agricultural  operations,  and  thus  a  soil  is  made  rich  for  the 
growth  of  crops,  such  as  hay,  cabbages,  turnips,  osiers,  etc.    The  applica- 
.ility  of  this  method  is  affected  by  three  main  factors  :  (1)  its  relatively 
liigh  prime  cost ;  (2)  the  extent  of  land  needed  for  a  large  population  ; 
3)  the  difficulty  of  procuring  convenient  and  suitable  land.    The  filter- 
ag-area  of  ground  required  under  the  best  conditions  is  1  acre  per  1000 
if'population,  and  under  less  favourable,  1  acre  per  150  to  500  of  popula- 
tion.   The  extent  of  land  necessary,  therefore,  for  huge  populations, 
coupled  with  the  high  prime  cost  of  its  preparation  and  the  cost  of 
maintenance,  tends  to  make  the  scheme  inappUcable  for  other  than  small 
town  populations.    At  the  same  time  the  cost  of  working  and  main- 
tenance is  much  less  than  that  of  other  schemes,  and  when  properly 
managed,  the  land  can  be  made  to  yield  some  return  in  the  crops  pro- 
duced. 

III.  Precipitation  Methods  or  Chemical  Treatment. — Of  the  very  many 
substances  which  have  been  proposed  as  chemical  precipitants  of  the 
organic  and  inorganic  matters  in  sewage,  few  have  survived  the  tests  of 
time,  cost,  and  efficiency.    Those  which  have  survived  these  crucial 
tests  are  :  (a)  Lime,  (6)  Alumina,  (c)  Magnesia,  and  (d)  Iron ;  used  not 
singly  but  in  some  form  of  combination.    Lime  is  the  oldest  precipitant 
in  point  of  time  of  use,  but  unless  it  is  used  in  sulRcient  quantity,  it  fails 
to  precipitate  effectually  organic  matters.    When  used  in  such  quantities 
it  produces  two  objectionable  residts,  viz.  :   (1)  an  alkaline  effluent 
which  becomes  subject  to  secondary  decomposition,  causing  the  effluent 
to  be  richer  in  putrescible  matter  than  the  original  sewage,  and  hence 
causing  the  stream  into  which  the  effluent  is  passed  to  become  a  definite 
nuisance ;  and  (2)  a  bulky  decomposable  sludge.    The  treatment  by 
lime  was  then  united  with  filtration  of  the  effluent ;  but  this  also  proved 
inefficient,  since  the  finely-divided,  putrescible,  slimy  material  in  the 
effluent  rapidly  clogged  the  filters.    By  reason,  therefore,  of  its  needed 
use  in  comparatively  large  amounts,  its  alkaline,  putrescible  effluent, 
and  the  bulk  of  sludge  produced,  the  use  of  caustic  lime  solely,  or  com- 
bined with  filtration,  came  to  an  end.    Next  followed  the  conjoined 
use  of  coarse  sulphate  of  alumina  with  lime.    This  produced  two  marked 
results — viz.  reduction  in  the  amount  of  lime  needed,  and  a  more  perfect 
and  more  rapid  sedimentation  of  solids.    To  these  might  be  added  a 
third :  a  more  neutral  condition  of  effluent,  and  hence  less  liability  to 
secondary  decomposition.    The  chemical  action  of  alumina  on  sewage 
is  somewhat  akin  to  that  of  iron,  inasmuch  as  it  tends  to  split  up  complex 
and  stable  albuminoid  bodies  into  less  stable  and  complex  nitrogenous 
compounds  in  the  direction  towards  the  formation  of  ammonia,  but  un- 
like iron,  it  does  not  possess  the  property  of  oxidising  carbonaceous  com- 
pounds.   When  alumina  and  lime  are  used  together,  the  sulphuric  acid 
of  the  former  unites  with  the  lime  and  leaves  the  alumina  in  the  form  of 
hydrate,  Alg  (OH)g,  which,  being  a  gelatinous,  viscid  substance,  more 
readily  carries  down  mechanically  particulate  matters  in  suspension. 
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The  property  whioh  alumina  has  of  fixing  nitrogenous  matter  by  entering 
into  some  form  of  loose  combination  with  it,  would  appear  to  be  analogous 
to  the  action  of  a  mordant  in  dyeing  processes.  Relatively  to  iron, 
alumina  has  less  power  of  fixing  phosphoric  .acid  and  ammonia,  and  like 
lime  it  contributes  of  itself  no  manurial  value  to  the  sludge.  The  com- 
bined use  of  these  precipitants  with  filtration  of  effluent  has  been 
demonstrated  at  Coventry,  Glasgow,  and  other  places  to  produce  a 
good  effluent ;  but  both  are  essential  to  achieve  this.  At  the  Dalmuir 
sewage-works,  Glasgow,  lime  and  iron  (ferric)  sulphate  are  used  as  pre- 
cipitants. 

As  an  oiTshoot  of  the  Lime-alumina  process  is  the  A. B.C.  process, 
which  has  been  in  operation  in  Aylesbury,  New  Kingston,  and  other 
places  for  several  jears.  The  precipitants  are  alumino-ferric,  blood,  clay 
and  charcoal — hence  the  name  of  the  process  from  the  initial  letters  of 
these  substances.  The  mode  of  treatment  is  as  follows  :  On  entering 
the  works,  the  sewage  is  screened,  measured,  and  mixed  with  regulated 
proportions  of  the  three  last-named  chemicals,  and  then,  later,  with  the 
alumino-ferric.  Thus  mixed,  the  sewage  is  passed  into  four  precipitat- 
ing tanks,  in  which  rapid  sedimentation  of  solids  takes  place.  Out  of 
the  fourth  tank  of  the  series  flows  the  effluent  which  is  passed  into  the 
water-way.  The  precipitated  sludge  is  then  pumped  to  a  .sludge-well, 
whence  it  is  forced  into  filter  presses.  The  cake  so  formed  is  thereafter 
driedin  aBorwick's  drying  cylinder,  the  fumes  therefrom  being  condensed 
by  a  scrubber.  The  product  is  sold  as  "  native  "  guano.  It  is  claimed 
for  this  process  that  not  only  is  the  sewage  efficiently  purified,  which  is 
the  prime  object,  but  also  that  the  sludge  forms  a  comparatively  valuable, 
innocuous,  transportable,  and  inodorous  manure.  Whatever  manurial 
importance  this  product  possesses,  however,  must  be  held  to  be  due  to 
the  added  ingredients,  and  not  to  those  native  to  it.  The  Sewage 
Commissioners  in  their  Fifth  Report  (1 909)  say  that  the  process  as  carried 
out  at  Kingston  is  a  very  efficient  form  of  precipitation.  Another 
precipitant  of  importance,  in  one  form  or  another,  is  iron.  So  far  back  as 
1846  and  18-58  patents  were  taken  out  for  the  use  of  iron  in  the  treatment 
of  sewage;  that  of  1858,  by  Thomas  Spencer,  a  London  analytical 
chemist,  was  for  "  Improvements  in  the  treatment  of  iron^ores  and 
ferruginous  sands,  and  certain  applications  arising  therefrom,  No.  1415." 
When  iron  is  mixed  with  sewage  one  of  the  most  noteworthy  changes 
which  takes  place,  detectable  in  the  effluent,  is  the  substantial  mcrease 
in  the  amount  of  free  ammonia  and  decrease  of  albuminoid  ammonia  as 
compared  with  those  respectively  in  raw  sewage.  The  action  of  ferric 
chloride  upon  carbonaceous  and  nitrogenous  bodies  in  sewage  is  to 
liberate  carbon  from  the  former  to  be  oxidised  into  COg,  and  nitrogen 
from  the  latter,  which  uniting  with  free  hydrogen,  forms  NHg  ;  in  this 
way  accounting  for  the  increase  of  free  ammonia  found.  It  would  appear 
that  the  water  bound  up  in  the  hjdrated  oxide  of  iron  does  not  exist  as 
true  water— which  is  very  stable— but  as  hjdroxyl  which  is  very  unstable, 
and  that  iron  salts  therefore  play  a  pai-t  analogous  to  the  action  of  per- 
manganate of  potash  in  the  AVanklvn  process  for  conversion  of  albumi- 
noid bodies  into  ammonia.  The  action  of  liberating  the  carbon  may  be 
represented  by  the  following  equation — 

3Fe2(OH)6-}-3C  =  6Fe(OH)2  +  3C02  +  3H2, 


SEWAGE  DISPOSAL  AND  PURIFICATION  275 


m  which  the  hydrated  ferric  oxide  bec.omes  reduced  to  the  ferrous  con- 
dition in  oxidising  the  carbon,  the  carbon  to  be  oxidised  to  CO,,  and 
nascent  hydrogen  to  be  set  free.  The  hydrogen  then  unites  with  the 
freed  nitrogen  to  form  NH3  :  thus — 

(;Fe(OH)2+3H2+N2+3H20+30=3Fe2(OH)6+2NH3 ; 

in  the  meanwhile,  the  ferrous  oxide  takes  up  fi'esh  oxygen  from  the 
air  and  reverts  to  the  ferric  state. 

When  iron  is  used  as  a  precipitant,  efficient  filtration  is  imperative 
to  permit  of  re- oxidation  of  the  ferrous  oxide. 

Iron  may  be  added  to  sewage  in  a  variety  of  forms,  as  for  example  : — 

1.  A  solution  of  Ferric  Chloride  ; 

2.  A  solution  of  Sulphate  of  Iron  ;  as  in  the  International,  Folarite, 
or  F err  ozone  process  ; 

3.  A  solution  of  Iron- Alum  ; 

4.  A  combination  of  Ferric  Chloride  and  Lime  ;   as  in  the  Barry 

Process  ; 

5.  The  electrical  process,  in  which  iron  is  set  free  by  the  electrolysis 

of  Avater. 

The  first  is  used  as  any  other  precipitating  agent,  and  needs  no 
further  explanation.  The  second  consists  in  adding  to  the  crude  sewage 
a  solution  of  ferrous  sulphate  of  regulated  strength,  popularly  called 
"ferrozone,"  and  in  filtering  the  effluent  through  beds  composed  of 
oxide  of  iron — called  Polarite  by  some  and  Magnetite  by  others — a 
ferroso-ferric  oxide,  or  magnetic  oxide  of  iron.  The  third  consists  in 
adding  a  solution  of  crude  iron-alum,  as  is  done  at  Southampton.  The 
BaiTV  process  uses  both  ferric  chloride  and  lime,  the  latter  assisting  in 
the  more  perfect  sedimentation  of  the  iron  as  ferrous  hydrate,  and  thus 
less  work  is  thrown  upon  the  filter-beds.  The  sewage  is  first  mixed  with 
the  iron,  and  thereafter  with  the  caustic  lime.  Adequate  filtration  is 
absolutely  needful  in  this  process,  since  the  utility  of  the  iron  for  re- 
peated use  is  only  conserved  when  the  iron  is  oxidised  back  to  the  ferric 
state,  and  this'  is  achieved  by  re-aeration  of  the  filter-beds  during  their 
intervals  of  rest. 

Webster's  electrolytic  process  is  one  in  which  iron  is  shed  by  the  action 
of  electricity  into  the  passing  current  of  sewage  in  the  following  manner. 
The  sewage  is  passed  at  a  low  velocity  through  a  chamber  which  is  broken 
up  into  part  sections  by  the  projection  into  its  interior  of  iron  plates 
forming  flanges.  These  iron  flanges  are  in  the  electric  circuit,  and 
when  the  current  is  in  action  through  the  apparatus,  one  set  becomes 
the  negative,  and  the  other,  the  positive  poles.  From  the  latter  only, . 
hydrated  ferrous  oxide  is  produced  by  the  action  of  the  oxygen  liberated 
from  electrolysis  of  the  water  by  the  electric  current  upon  the  iron  plates. 
This  fen-ous  oxide  is  oxidised  by  the  dissolved  oxygen  in  the  sewage  into 
tcrnc  oxide  which  oxidises  the  organic  matter,  by  which  it  is  converted 
back  into  the  ferrous  state ;  and  so  by  alternate  oxidation  and  de- 
oxidation,  the  iron  continues  to  act  upon  the  organic  constituents 
of  the  sewage.  The  sewage,  mixed  with  the  iron  in  suspension,  then 
passes  from  the  electrolysing  chamber  into  settling-tanks,  and  thereafter 
the  effluent  is  passed  through  ordinary  sand  filter-beds.^ 

^  Vide  a  paper  on  "  Some  Sewago  Exporirnents,"  by  Gorbett,  Jour.  San. 
Inalit.,  vol.  xxiii.,  part  iv.,  p.  (iOl  et  seq. 


276  PUBLIC  HEALTH 

A  modified  method  of  purifying  sewage  electrolytically  is  that  known 
as  the  0 \ych!oride  System.    This  consists  in  th e  electrical  dec;onipo8ition 
of  sea-water  and  is  in  use  at  Guildford.^    There  is  another  modification 
of  the  alum-iron  process  worthy  of  description.    It  is  the  process  carried 
out  at  Heaton  Mersey  for  purifying  the  sewage  of  the  Heatou  Norris 
Local  Board  District.'  The  points  of  interest  in  it  are  these  :  (1)  It  is  a 
constant-flow  system  ;  (2)  The  precipitant  in  use  is  alum  cake  which  is 
added  prior  to  the  sewage  passing  by  gravitation  into  the  precipitation- 
tanks  ;  (3)  After  precipitation,  the  effluent  flows  over  a  sill  forming  a 
cascade  about  one  foot  in  height,  on  its  way  to  the  filter-beds,  thug 
promoting  aeration  of  the  oxidisable  constituents  in  the  effluent ;  (4)  The 
filter-beds  are  three  in  number,  and  the  composition  of  each  is  different. 
No.  I.  has  an  area  of  60  sq.  yards  ;  and  the  filter-strata,  from  above  down- 
wards, are  made  up  of  sand,  coarse  and  fine  gravel,  of  one  inch  and  six 
inches  thickness  respectively,  both  of  M'hich  strata  rest  on  tiles  which 
are  perforated  with  five  openings  to  the  inch.    Aeration  of  the  filter 
when  not  working  is  efl;ected  by  pipes.    Tins  filter,  therefore,  acts  only 
as  a  mechanical  coarse  strainer.    No.  II.  filter-bed  is  made  up  of  a  layer 
of  magnetite  and  sand  mixed,  of  2h  inches  depth,  resting  upon  gravel 
It  has  an  area  of  35  sq.  yards.    No.  III.  is  constituted  from  above 
downwards  of  the  following  layers,  viz.  :  sand  1  inch,  magnetite  7  "ifhes, 
and  pebbles  and  tiles  as  above.    It  has  the  same  area  as  No.  II.  The 
effluent  after  its  passage  through  these  has  a  bright,  clear  appearance, 
contains  no  matter  in  suspension,  and  possesses  no  smell.    It  is  claimed 
for  the  process  that  it  combines  rapidity  of  filtration  and  a  decreased 
filter-area,  with  the  production  of  a  pure,  innocuous  effluent,  at  half  the 
cost  of  any  filtration-system  in  operation.    In  these  works,  the  sewage, 
which  contains  no  trade-effluents,  is  that  of  6000  persons,  and  amounts 
to  240  000  gallons  vev  24  hours.    Of  iron,  generally,  m  sewage-treatment, 
it  may  be  said  that  it  produces  more  marked  fixation  of  the  phosphates 
than  either  lime  or  alumina  singly,  or  in  combination. 

The  only  other  precipitant  which  has  borne  the  tests  before  named  is 
Macrnesium  chloride.    This  is  the  main  constituent  of  the  chemical  salt^ 
used  in  HiUe's  process,  which  is  in  operation  at  Windsor,  Tottenham,  and 
other  places.    This  process  is  a  modification  of  the  lime  process,  because 
lime  Li  a  proportion  of  tar  are  also  added.    The  eflliient  is  subjected 
to  what  filtration  irrigation  can  give.    Another  modification  ot  tlio 
alumina  process  is  that  of  the  Oxygen  Sewage  Purification  Comi^anj. 
in  which,  however,  Manganate  of  Soda  and  Nitrate  of  Soda  are  addition- 
ally used.    This  process  may  be  summed  up  as  follows  :  (1)  buspendea 
matters  in  the  crude  sewage  are  first  separated  by  simple  subsidence  • 
(2)  Manganate  of  Soda  is  added,  to  oxidise  orgamc  matter,  that  sal 
giving  up  oxygen,  and  becoming  reduced  to  the  msoluble  {x^roMde  ot 
manganese,  which  in  its  subsidence  carries  down  mechanicalb  the 
ticulate  sewage,  the  manganese  being  afterwards  recovered  ;  ^J^^^^^^^^^^^^ 
or  Chloride  of  Alumina,  preferably  the  latter,  is  next  added,  ^^  hich  tl  lo^ 
down  the  floating,  flocculent  matter  left  from  tli^^.f«^-"^^^%«t..ge    (1)  i 
the  clear  resulting  effluent  small  (juantities  of  Nitrate  of  Soda_,  to  aiu 
rJtrifiSon,  are  added;  (5)  Thereafter,  the  effluent  -  turned  into 
nearest  stream.    In  this  process  there  are  three  sediments  .  (1)  the  ci 
1  County  and  Municip.  Record,  Otli  Dec.  ll»04,  p.  141  et  se,j. 
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solids  deposited  by  gravity  ;  (2)  the  deposit  from  use  of  Manganate  of 
Soda  ;  (3)  the  deposit  from  the  alum  stilt ;  thus  mechanical  subsidence, 
chemical  precipitation,  and  oxidation  all  share  in  the  production  of  the 
result. 

Another  method  of  purification  is  that  known  as  the  Amines  process. 
The  process  consists  of  adding  definite  quantities  of  milk  of  lime  and 
herring  brine,  from  which  combination  is  evolved,  according  to  the  in- 
ventor, a  gaseous  reagent  called  andnol  which  is  sohible  in  water.  The 
sludge  which  results  after  precipitation  is  said  to  contain  90  per  cent,  of 
water.  The  inventor  claims  that  the  effluent  is  not  only  clear  but  is 
sterile.^ 

The  outstanding  objections  to  all  precipitation-methods  are  the  form- 
ation of  sludge,  and  the  need  for  its  removal.  Burghardt's  analysis  of 
the  fresh  sewage-sludge  fi'om  the  lime  process  is  as  follows  : — 

Mineral  matter   .......      6-22  per  cent. 

Loss  on  ignition  of  dry  sludge  (organic  matter)  .  2-50  „ 
Water       .  91-28  „ 


100-00  „ 

Composition  of  the  above  mineral  matter  in  parts  per  cent,  is  as  follows  : — 

Silica  and  insoluble  matter      ....  10-418 

Ferric  oxide  and  alumina       .        .        .    '     .  9-511 

Iron  sulphide        .        .         .        .        .         .  0-115 

Calcium  carbonate         .....  64-526 

sulphate   3-621 

Magnesium  carbonate    .....  11-613 

99-804 

Our  analysed  of  the  sludge  at  the  Glasgow  works  after  having  been 
filter-pressed,  show  the  following  to  be  the  composition  of  an  average 
sample  : — 

Total  solid  residue        .        .        .        .  .41-50 
Mineral  matter     .        .        .        .=  24-38 
Organic  matter  (by  ignition)  .     =   17-12  ' 

41-50 

Water  58-50 


100-00 

Total  nitrogen  (estimateil  by  Kjeldahl's  method)  =  0-788 
Total  nitrogen  in  terms  of  ammonia         .        .  0-960 


By  reason  of  the  comparatively  low  manurial  value  of  the  fore-going 
and  the  difficulty  experienced  in  iits  disposal,  the  authorities  at  Glasgow 
concluded  to  dry  the  compressed  cake  artificially,  thereby  getting  rid 
of  about  90  per  cent,  of  water.    'I'he  following  analyses  of  this  compressed 

1  Lancet,  vol.  ii.,  1889,  p.  601. 
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and  steam-dried  cake,  gi:oiind  into  powder,  show  its  composition  m 
parts  per  cent.  : — 

Davidson.  Glaiiiter. 

Total  solids  «'J-37       .  ■ 

Mineral  matter        .        49-70  .        .        •  66-5 

Organic    „      .        .       39-67  .        .  26-5 


Water 


Nitrogen 


10-63       .        .  7-00 
100-000  100-000 
1-73  .  1-90 


in  terms  of  ammonia       .        .         2-10        .  2-30 


It  will  be  apparent  from  the  foregoing  analyses,  therefore,  that  the 
sludge  from  precipitation-processes,  even  when  compressed  and  dried, 
forms  a  manure  of  comparatively  low  value  only.  Further,  the  low 
figures  for  phosphoric  acid  indicate  that  the  bulk  of  this  valuable 
manurial  element  has  disappeared  with  the  effluent  mto  the  river.  If 
the  sludge  could  be  disposed  of  for  agricultural  operations,  precipitatK.n 
processes  would  become  more  workable  and  less  costly. 

The  following  Table  will  show  the  amounts  of  sludge  produced  by 
different  methods  of  treatment. 

Table  XXXIV 

Besults  per  annum,  in  tons  of  wet,  pressed,  and  dried  sludge,  of  Treated  and  Non- 
treated  Sewage,  per  10,000,000  gallons  of  daUy  average  sewage  by  various 
Precipitants. 


Character  of  Sewage 

Tons  of  Wet 
Sludge 

Tons  of  Pressed 
Sludge 

Tons  of  Dried 
Sludge 

Raw  Sewage  (untreated)  . 
Lime,  only    •          •        •  - 
Ferric  Chloride,  only 
Iron  and  Alumina  . 
Polarite  Method 
Electrical  Method  . 

58,000 
114,200 
120,000 
120,000 
75,000 
69,000 

11,680 
22,840 
24,000 
24,000 
15,000 
13,800 

5,840 
11,4-20 
12,000 
12.000 
7,500 
6,900 

The  foregoing  figures  are  founded  on  the  results  obtained  in  the  Sa If ord 
lion  hv  the  Messrs  Newton,  and  they  are  mtended  to  show  the 
:r;rof  I?dg!'lthtf?rred          3,050,000,0^0  ganons  of  sewage  alter 
Sr?nt  preeipftants  had  been  used.    At  the  Glasgow  --^/--^^^^Jq 
1 8Q7  1898  the  number  of  gallons  treated  was,  m  round  nimiber-s  3,  r  40,000,001. 

roima  -  ^       f  pressed  sludge  cake  per  10  ton^  oi 

Fr^ridge  '  F^r^^^^^^  it  .^U  be'^seen  that  the  amounts  obtained  ,n 

the  latter  are  higher  than  the  highest  figure  of  the  Salford  experiments. 

In  the  Act  of  Parliament  obtained  by  Glasgow  for  extending  this 
mode  of  purification  to  the  whole  sewage  of  the  city,  powers  Layo  been 
^ven  to  ?he  Corporation  to  transport  the  sludge  out  to  sea,  and  to  de- 
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posit  it  therein.  When  the  completed  scheme  is  in  operation,  since 
the  estimated  amount  of  sewage  to  be  treated  will  not  be  less  than  five 
times  more  than  now  treated  at  Dalmarnock  (based  on  the  figures  given 
of  the  results  of  the  partial  scheme),  it  appears  that  annually  the  city 
w-ill  have  to  deal  with  between  950,000  and  1,000,000  tons  of  crude  or 
wet  sludge,  and  to  dispose  of,  in  one  way  or  another,  between  90,000 
and  100,000  tons  of  pressed  sludge-cake  as  the  result  of  operating  upon 
about  20  biUion  gallons  of  sewage. 

In  all  schemes  of  precipitation,  filtration  is  a  necessary  adjunct 
before  the  effluent  can  be  passed  without  nuisance  into  a  water-way. 
While,  therefore,  precipitation-processes  are  applicable  to  large  populous 
centres,  and  are  capable  when  worked  properly  of  ejecting  a  high  degree 
of  piirification,  they  are  very  costly  not  only  in  installation  but  also  in 
maintenance  and  Avorking, 

IV.  Bacteriolysis,  or  the  Biological  or  Bacteriological  Treatment. — 
From  time  to  time  during  the  last  half  century,  since  drains  for  the 
transportation  of  sewage  came  into  more  general  use,  when  these  or 
cesspools,  which  for  long  periods  had  been  so  used,  were  opened,  and  were 
expected  to  contain  quantities  of  highly  offensive  material,  surprise 
was  expressed  on  finding  them  comparatively  empty  and  entirely  free 
from  objectionable,  offensive  odours.  But  the  reasons  therefor  were 
passed  over  without  further  inquiry,  doubtless  due  to  the  fact  that  the 
effects  of  micro-organisms  in  the  destructive  metamorphoses  of  organic 
matter  were  not  even  dreamt  of,  much  less  understood  or  investigated. 

The  first  publication  which  indicated  the  probable  action  of  micro-organisms 
as  the  natTiral  cause  of  purification  of  sewage,  was  a  pamphlet  entitled  "  A  New, 
Hermetically  Closed,  Completely  Inodorous,  Incessantly  Self-Emptying  Cess- 
pool, invented  by  M.  Louis  Mouras,  proprietaire,  Vesoul  (Haute-Saone)."  This 
pamphlet  was  written  by  a  parish  priest  named  Abbe  Moigno,  and  was  pubhshed 
in  French  about  the  year  1883.  The  substance  of  its  facts  is  the  following  :  In 
1881,  M.  Mouras  asked  the  Abbe  to  publish  his  observations  of  a  cesspool-system 
which  the  former  had  had  in  operation  for  about  twenty  years  previotisly.  The 
features  of  the  cesspool  are  fully  named  m.  the  title  of  the  pamphlet.  It  was 
closed  from  the  air  ;  its  products  were  inodorous  ;  and  they  were  found  valu- 
able as  a  liquid  dressing  for  cultivated  land.  According  to  the  Abbe,  "  by  a 
mysterious  action  which  reveals  an  entirely  new  principle,  the  cesspool  trans- 
forms all  that  it  receives,  both  solid  and  liquid  evacuations,  in  a  tolerably  short 
time,  and  without  any  addition  of  chemical  ingi'edients,  into  a  homogeneous 
and  scarcely  turbid  hquid,  wliich  holds  everythiag  ia  suspension,  in  a  state  of 
filaments  almost  invisible,  without  leavLag  any  deposit  against  the  sides  of  the 
soil-pipe,  or  at  the  bottom  of  the  drain-pipe."  Not  satisfied  only  with  noting 
these  results,  the  Abbe  discu,sses  the  rationale  of  the  causal  factors  in  the  pro- 
ce.ss.  He  hints  that  the  cause  may  be  ammoniimni  sulpliide,  but  he  adds  this 
significant  remark :  "  May  it  not  be  discovered  that  the  mysterious  agents  of 
this  fermentation,  cau.se  of  the  decomposition  and  liquefaction  of  the'  f oE-ces,  are 
the  vibrios,  or  rather  the  anaerobes  of  M.  Pasteur,  which  the  oxygen  kills,  and 
which  only  employ  their  devom-ing  activity  when  excluded  from  the  air  ?  "  He 
•sot  about  experimenting  on  the  subject,  and  had  a  tank  of  glass  made,  so  tliat 
ho  might  study  the  whole  process  of  metamorphosis.  Ho  then  describes  the 
changes  which  ho  saw  the  sewage  undergo  toward  complete  disintegration.  He 
thought  it  likely  that  gases  would  be  generated  by  the  processes  of  fermentative 
''"composition,  and  to  test  this,  he  caused  a  tap  to  be  fixed  in  the  top  of  the 
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tank,  over  which  ho  pUacod  a  bladder  socuroly  fastened.    He  found,  howe\  . 
that  no  distension  of  the  bladder  occurred,  indicating  that  in  the  absencf-  .  j 
au-  there  was  no  free  disengagement  of  gases,  and  that  they  were  hold  in  solu- 
tion, but  if  air  was  admitted  into  the  tank  the  gases  were  Uberated  and  the 
bladder  became  distended.    He  thereupon  concluded  that,  for  the  moj(; 
efficient  operation  of  the  process,  air  should  be  rigidly  excluded  from  the  tank. 
He  fxu-ther  behoved  that  by  the  process  any  pathogenic  organisms  wliich  might 
be  present  in  the  sewage  would  be  destroyed.    The  process  was  patented  in  .  ; 
France  in  1881.    The  next  account,  in  point  of  priority,  comes  from  Barcelona. i 
The  British  Consul  in  Barcelona  wrote  a  letter  in  1893,  in  which  he  narrat.  i 
the  operation  of  the  above  system  on  the  property  of  a  merchant  in  that  place 
in  the  di-ainage  of  his  factory  and  private  residence.    The  Consul  states  that 
he  had  personally  inspected  the  process  and  its  results  after  five  years'  workin 
He  found  the  effluent  colourless  and  odourless,  and  that  it  could  be  remo\  ■  i 
for  manorial  pm-poses  without  the  least  nuisance.    The  next  attempt  to  pr<.\ 
the  efficacy  of  bacterial  action  in  purifying  sewage  was  that  of  Dibdin,  wlio, 
between  1892-1896,  carried  out  a  series  of  experimental  investigations  in  open 
beds,  imder  the  auspices  of  the  London  County  Coimcil,  on  the  biological  treat- 
ment of  sewage. 

By  Cameron  of  Exeter,  in  1895-1896,  an  experimental  installation  was  laid 
down  in  that  city  to  deal  with  the  sewage  of  the  parish  of  St  Leonard.  The 
principles  wliich  Cameron  adopted  were  practically  those  laid  dowTi  by  Abb<S 
Moiguo,  but  Cameron  called  his  tank  the  "  Septic  tank,"  in  place  of  the  long 
name  given  to  it  by  Moigno.  Since,  however,  the  effluent  of  the  septic  tank  at 
Exeter  was  not  employed  in  the  irrigation  of  land,  but  was  to  be  discharged  into 
a  stream,  he  passed  it  tlu-ough  beds,  which,  while  they  exercise  ffltering  action, 
also  develop  microbic  action,  from  which  the  names  "filter-beds,"  "bacteria- 
beds,"  and  "  contact-beds  "  have  been  given  to  them. 

Rationale  of  the  System. — The  bacterial  treatment  of  sewage  has  now 
been  practically  resolved  into  one  of  three  methods,  viz.  : — 

1.  Where  the  crude  sewage  is  run  upon  filter-  or  contact-  or  cultivation- 
beds,  composed  of  coke  or  other  materials,  the  rate  of  flow  of  sewage  being 
regulated,  and  the  contact-beds  themselves  subjected  to  alternate  periods 
of  active  work  and  complete  rest ; 

2.  Where  the  crude  sewage  is  first  run  into  a  grit-chamber,  then  into 
a  closed,  dark  tank,  called  the  septic  tank,  and,  thereafter,  is  passed  on 
to  contact-beds — all  the  time  in  a  slow  but  continuous  flow — ^in  which 
it  is  allowed  to  remain  in  contact  for  li  to  3  hours,  after  which  the 
effluent  is  passed  into  a  neighbouring  water-way  : 

3.  Where  the  sewage  is  passed  into  an  open  settling-tank,  thence  to  " 
the  contact-beds,  and  in  turn  to  the  stream. 

The  first  may  be]  fitly  termed  the  aerobic  method  ;  the  second,  the 
combined  anaerobic  and  aerobic  method  ;  and  the  third,  the  same  as  the 
second  ;  for  although  there  may  be  apparent  differences  in  the  engineer- 
ing technique  in  the  third  compared  with  the  second,  the  ultimate  action 
is  essentially  identical.  These  apparent  differences  may  now  be  describoa. 
In  the  open  settling- tank  of  the  third  method,  a  thick,  frothy,  tough  scum 
gradually  forms  upon  the  surface  of  the  contained  sewage,  provided 
that  the  rate  of  flow  is  properly  regulated,  which  scum,  to  all  practical 
intents  and  purposes,  plays  the  part  of  the  roof  of  the  septic  tank, 
inasmuch  as  it  prevents  the  entrance  of  light,  and  to  some  extent  of  air  to 
the  sewage  column  underneath,  and  so  the  action  of  anaerobic  organisiii? 

iBoyce,  Brit.  Med.  Jour.,  1898,  vol.  ii.,  p.  273, 
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is  allowed  to  proceed.  The  integrity  of  the  scum-covering  is  liable  upon 
occasion  to  be  disturbed  and  broken  up  by  the  action  of  high  wind,  but 
onlv,  however,  for  short  periods.  When  this  mode  is  adopted,  the  tank 
ought  to  be  sheltered  by  a  protecting  wall. 

Notliing  has  been  better  proved  in  the  whole  range  of  bacterio- 
logical work  than  the  power  of  organisms  to  split  up  complex  organic 
bodies  into  simpler  constituents,  as  nitrogen,  sulphur,  carbon,  hydrogen, 
and  others,  and  that  different  groups  of  organisms  are  synthetic  in  their 
action  in  respect  that  they  are  able  to  oxidise  nitrogen  from  the  lowest 
to  the  highest  state.  In  the  metamorphosis  of  the  complex  fluid — 
sewage — each  group  of  organisms  has  a  definite  part  to  play.  The  anae- 
robic forms  are  chiefly  concerned  with  the  resolvent  or  anal}i;ic  decom- 
position of  contained  substances,  and  the  elements  liberated  wnite  with 
one  another  to  form  definite  gases  or  other  compounds  which  are  re- 
tained in  solution  ;  thus  sulphiu"  unites  with  hydrogen,  or  .with  that  gas 
and  nitrogen  in  addition,  to  form  HgS  and  NH^HS  respectively,  while 
nitrogen  unites  with  hydrogen  to  form  Nllg,  which,  in  turn,  may  unite 
with  acids,  as  H2SO4,  HCl,  or  CO2  to  form  the  sulphate,  chloride,  or 
carbonate  respectively.  Tlie  foregoing  action  is  accomplished  in  the 
dark,  airless  tank.  When,  however,  the  sewage  so  acted  upon  passes  in 
its  slow  moving  com'se  out  of  the  tank  and  over  the  artificial  weir,  it  be- 
comes partly  re-oxygenated  by  the  air,'  and  absorbs  in  addition  the  other 
atmospheric  gases,  nitrogen  and  carbonic  acid ;  and  thus  freshly  aerated, 
it  is  passed  on  to  the  surface  of  the  contact-beds.  In  these  contact-beds, 
the  anaerobic  organisms  continue  their  operations  during  the  time  the 
beds  are  f  idl,  and  the  aerobic  organisms  take  up  the  work  while  the  beds 
are  empty  and  resting.  Two  kinds  of  action  take  place  in  these  beds — • 
viz.  (a)  the  mechanical  one  of  straining  or  filtration  ;  (6)  the  biological,  or 
bacteriological.  The  former  depends  upon  the  coarseness  or  fineness  of 
the  coastituents  of  the  contact-bed,  but  it  is  not  the  most  important  office 
of  the  bed.  The  period  in  the  life  of  a  contact-bed  at  which  it  does  the 
most  efficient  work  is  not  when  it  has  been  newly  laid,  but  after  it  has 
been  in  operation  at  intermittent  intervals  for  at  least  two  or  three 
weeks ;  in  short,  so  soon  as  the  aerobic  organisms  have  had  time  to 
adequately  grow  and  multiply.  Hence  the  work  of  the  contact-bed 
is  not  so  much  that  of  filtering  the  efiiuent,  as  of  assisting  microbic 
action. 

The  work  of  the  aerobic  organisms  is  mainly  synthetic  ox  constructive. 
They  are  chiefly,  for  sewage  purposes,  divisible  into  two  groups — viz.  : 

1.  The  Nitroso-bacteria  ;  and 

2.  The  Nitro-bacteria ; 

each  of  which  exercises  a  limited,  but  deflnitc  action  upon  the  above- 
named  products.  The  former  group  attacks  the  ammonia  and  its 
compounds,  and  oxidises  the  nitrogen  liberated  into  the  form  of  nitrous 
acid,  which  forms  with  constituent  bases  of  the  sewage — potash,  soda, 
etc. — nitrites  of  these  bodies.  Nitrous  Acid  (HNO2),  however,  is  a 
comparatively  unstable  compound.  The  nitro-bacteria  then  build  up 
further  the  oxidation-process  by  causing  the  nitrous  acid  to  unite  with 
another  atom  of  oxygen,  thus  forming  nif.ric  acid  (HNO3),  the  highest 
and  most  stable  form  of  oxidised  nitrogen.  The  range  of  the  action 
of  nitrification  is  only  limited  by  the  amount  of  calcium  present  in  the 
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contact-bed,  or  in  the  soil.  These  actions  and  results  have  been  abund- 
antly proved  by  the  researches  of  Warington,  Lawes  and  Gilbert,  Frank- 
land  and  many  others.  The  nitric  acid  unites  with  the  bases,  potash, 
soda  and  ammonia,  to  form  nitrates,  immense  beds  of^which  arc  found 
in  nature  in  South  America  and  other  parts  of  the  world,  and  which 
form  important  constituents  of  artificial  manures.  As  the  combined 
effect,  therefore,  of  filtration  and  bacterial  action,  the  effluent  passes 
from  the  contact-beds,  as  a  clear,  inodorous,  and  practically  tasteless 
fluid. 

The  Aerobic  Process. — In  this  process  there  is  no  closed  septic  tank  as  sucli. 
The  sewage,  after  having  been  screened  of  any  coarse  excreta,  is  run  intermit- 
tently over  open  filter-  or  contact-beds  until  the  sewage  is  on  a  level  with  the  top 
layer  of  the  filter-bed.  It  is  allowed  to  remain  in  contact  with  the  material  of 
the  bed  for  two  or  three  hours — that  is,  1|-  hours  in  filling,  and  the  same  time 
standing  full — and  is,  thereafter,  allowed  to  drain  through.  The  bed,  after 
being  emptied,  is  allowed  to  rest  for  eight  hours  to  permit  of  re-aeration,  when 
it  is  again  filled  and  the  process  repeated.  Experience  has  shown  that  a  period 
of  four  weeks  is  necessary  before  such  a  bed  attains  its  fullest  purif jong  power  ; 
in  other  words,  the  maximum  growth  of  nitrifying  organisms  is  then  reached. 
In  certain  installations,  however,  the  effluent  from  the  primary  or  coarse  contact- 
bed  is  caused  to  pass  through  a  secondary  or  fine  contact-bed.  The  effect  is  to 
produce  a  much  purer  and  clearer  effluent.  The  work  wliich  falls  upon  it  to 
perform  is  that  of  oxidising  the  dissolved  matter  in  the  fluid,  the  suspended 
matter  being  mainly  arrested  in  the  coarse  contact-bed. 

In  the  Anaerobic-Aerobic,  or  Septic  Tank  Process,  the  sewage  passes  through 
a  grit-chamber,  where  heavy  mineral  detritus  subsides,  then  tlrrough  the  .septic 
tank,  then  over  the  artificial  weir  for  re-aeration  of  the  fluid,  and  thence  on  to 
the  contact-beds,  from  which  by  the  effluent  channel  it  passes  into  a  water-wa\-. 
There  is  no  screening  of  coarse  excreta  from  the  sewage  in  tliis  process  as  there 
is  in  the  other,  consequently  more  work  falls  to  be  done  by  the  anaerobic  organ- 
isms. In  order  to  produce  the  automatic  distribution  of  the  sewage  after  it 
has  passed  through  the  septic  tank  and  has  been  re-aerated,  various  ingenious 
arrangements  have  been  devised.  In  Cameron's  process  automatic  alternating 
gear  is  an  essential  feature,  in  wliich  the  various  stages  of  filling,  resting  full, 
discharge,  and  aeration  are  produced  by  means  of  an  overflow  from  tlie  filter 
last  filled.  In  Adam's  process,  it  consists  in  emptying  the  tank  down  to  a 
certain  level  by  siphon  action. 

While  microbic  action  is  the  chief  factor  in  the  bacteriological  process, 
it  must,  however,  be  borne  in  mind  that  in  the  processes  of  irrigation, 
intermittent  downward  filtration,  or  indeed  in  any  method  in  w'hich  the 
sewage  or  its  effluent  is  applied  to  land  or  filter-beds,  it  plays  a  not  un- 
important part.  Neither  is  the  action  awanting  in  the  precipitation-pro- 
cess ;  but  in  it  the  action  is  probably  more  anaerobic  in  character  than 
aerobic,  not  only  in  the  sewage  itself,  but  particularly  in  the  alkaline 
sludge. 

In  connection  with  the  bacterial  treatment,  it  has  been  asked,  is 
it  applicable  to  all  kinds  of  sew^age  ?  Microbes  do  not  live  and  multiply 
so  freely  in  acid  media  as  in  alkaline.  There  are  several  trade  effluents 
which  are  highly  acid  in  reaction,  and  therefore,  where  these  bulk  largely 
in  the  sewage  of  a  particular  place,  the  applicability  of  the  bacterial 
system  becomes  an  important  question.  The  answer  must  be  based 
upon  the  relative  proportion  of  trade  effluents  to  ordinary  domestic 
sewage.    In  most  cases  the  latter  is  sufficiently  in  excess  to  neutralise 
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the  acidity  of  the  former,  and  hence  up  till  now  in  practice  no  s^cwam 
has  been  found  which  is  not  capable  of  being  purified  bv  the  system 
Pot-ale  or  burnt  ale,  which  is  the  residue  from  the  first  distillation  of 
whisky,  IS  probably  the  most  refiactory  constituent.  It  contains 
between  30  and  40  grains  of  free  or  sahne,  and  between  40  and  GO  gi-aing 
of  albiimmoid  ammonia  per  gallon,  yet  this  is  overcome  by  the  aerobic 
bacterial  method,  as  the  effluents,  which  are  clear,  without  colour  and 
odour,  and  do  not  undergo  secondary  decomposition,  show  infinitesimal 
amounts  of  free,  and  only  0-1  grain  of  albuminoid  ammonia  per  gallon, 
while  the  nitrates  are  as  low  as  0-2  grain  per  gallon.  These  results, 
moreover,  seem  to  be  obtained  whether  the  pot-ale  is  treated  in  its  natural 
acid  state,  or  after  the  addition  of  a  small  proportion  of  lime.  Further, 
from  the  experiments  at  Yeovil,  the  sewage  of  which  is  alleged  to  be 
exceptionally  foul  by  reason  of  the  trade  effluents  from  glove- works, 
dye-works,  tanneries,  fell-mongering  works  and  breweries,  it  is  demon- 
strably clear  that  chemically  the  process  is  effective,  as  the  precedin'i 
series  of  analyses  by  Dr  Eideal  show  (page  283). 


Percentage  Purification 

Organic 
Nitrogen 

Oxygen 
Consumed 

Tank  on  Raw  Sewage  ..... 
Filtrate  on  Raw  Sewage,  First  Filtrate  . 

Second  ,, 

64-81 
85-55 
87-0 

17-09 
68-38 
79-10 

The  results  of  the  treatment  of  Yeovil  sewage,  estimated  chemically, 
having.been  considered  by  the  Local  Authority  to  be  entirely  satisfactory, 
and  to  justify  the  expenditure  of  a  large  sum  on  works  large  enough 
to  treat  the  whole  of  the  sewage,  such  a  scheme  was  embarked  upon. 
But  in  1901,  examination  of  the  septic  tank  liquor  and  septic  tank 
sludge,  as  well  as  of  samples  of  coke  from  the  coarse  and  fine  contact- 
beds  having  been  made  bacteriologically  by  Houston  for  the  Royal 
Commission  on  Sewage  Disposal,^  the  disconcerting  discovery  was  made 
of  the  presence  of  the  anthrax  bacillus  in  them  all.  From  the  results 
obtained  in  these  examinations,  Houston  concluded  that  there  were 
"  no  good  grounds  for  anticipating  that  the  new  scheme  will  removi 
the  danger  arising  from  the  presence  in  the  final  effluent  of  liviug  and 
virulent  anthrax  spores.  That  anthrax  spores  will  eventually  pass 
through  the  septic  tanks  and  bacterial  beds  can  hardly  be  doubted. 
The  land  might  possibly  effect  their  mechanical  separation  if  it  were  of 
good  quality,  but  this  would  appear  not  to  be  the  case." 

The  origin  of  this  micro-organism  and  its  spores  in  this  sewage  is  not 
difficult  to  find  when  one  considers  the  effluents  from  the  hide-factories 
of  that  town.  The  total  volume  of  domestic  sewage,  effluents  from 
breweries  and  hide-factories,  and  surface-water  is  calculated  to  amount 
to  about  143,000,000  gallons  per  annum,  of  which  the  hidc-factorios 
effluents  constitute  about  one-ninth  of  that  total. 

From  the  point  of  view  of  purification,  it  cannot  be  doubted  that  tin 
problem  at  Yeovil  is  an  interesting  and  important  one. 

If  the  chemical  side  of  bacterial  treatment  be  considered,  the  fai  t 


1  Second  Report,  1902.    Cel.  11 78,  p.  31  ct  seq. 


SEWAGE  DISPOSAL  AND  PURIFICATION  285 


appears  that  from  the  time  the  sewage  enters  the  septic  tank,  or  open 
tank,  till  it  appears  as  effluent,  there  is  a  loss  in  the  total  nitrogen ;  in 
other  words,  the  nitrogen  of  the  effluent  falls  short  of  that  of  the  crude 
seAvage.  This  has  been  noted  by  many  observers.  The  results  obtained 
at  Sutton,  Leeds,  Manchester,  and  elsewhere  show  this ;  in  these  places 
the  percentage  of  loss  was  15,  7  and  39  per  cent,  respectively.  This 
loss  of  nitrogen  is  accounted  for  in  two  ways,  viz.  :  (a)  by  the  escape  of 
free  nitrogen  from  the  sewage  by  the  action  of  organisms  of  the  anaerobic 
type,  or  (6)  by  the  utilisation  of  nitrogenous  compounds  as  foods  by 
small  insects  and  other  animals,  as  worms,  etc.,  in  the  filter-beds.  There 
is  another  explanation,  however,  and  that  is,  that  there  may  be  nitrifying 
and  reducing  organisms  worldng  together,  the  former  building  up  from 
ammonia  the  oxidised  nitrogen  compounds,  and  the  latter  reducing  such 
compounds  when  formed,  for  it  is  quite  clear  that  aerobic  organisms  are 
not  alone  present  in  the  contact-beds. 

Materials  of  Contact-Beds  or  Filters. — The  contact-beds  are  either 
made  by  constructing  artificial  walls,  or  by  simply  excavating  the  ground, 
where  such  is  of  clay ;  in  either  case,  loose-jointed  tile  drain-pipes  are 
laid  along  the  bottom,  and  these  lead  to  the  outlet  by  wl^ich  the  effluent 
passes.  Upon  these  pipes  is  placed  the  filtering  or  contact  material, 
which  may  consist  of  broken  clinker,  burnt  ashes,  coke  or  pan-breeze, 
the  last  named  being  used  at  Barking.  In  the  first  or  coarse  contact-bed 
the  material  is  composed  of  sizes  which  will  pass  through  a  two-inch  ring, 
but  not  through  a  half-inch  ring.  In  the  second  or  fine  contact-bed,  such 
sizes  as  will  pass  through  a  quarter-inch  but  will  not  pass  through  a 
one-sixteenth-inch  sieve  are  put  down.  It  has  been  found  experimentally 
that  when  the  material  is  so  composed,  the  filter-beds  do  not  become  so 
easily  clogged,  aeration  is  most  efficient,  and  the  effluents  are  better. 
The  depth  of  the  beds  varies.  At  Barking  the  depth  is  6  feet,  at  Sutton 
3  feet  6  inches,  and  at  the  Crossness  experimental  installation  it  is  13  feet. 
It  might  be  expected  that  these  beds  after  prolonged  use  would  become 
malodorous ;  but  such  has  not  been  found  to  be  the  case.  Indeed, 
but  for  the  slime  which  forms  in  the  upper  few  inches  of  the  bed,  the 
whole  bed,  and  lower  layers  especially,  are  fresh  after  years  of  working. 
This  is  the  result  of  re-aeration.  In  the  experimental  stages  of  sewage- 
treatment  by  contact-beds,  it  was  thought  sufficient  that  single  coarse 
contact-beds  should  be  installed.  But  it  was  found  experimentally 
that  such  were  insufficient,  since  precipitated  solids  were  apt  to  be  dis- 
charged along  with  the  effluent.  The  only  conditions  in  which  such 
primary  beds  are  foimd  sufficient  are  where  the  sewage  is  applied  in 
drops,  by  means  of  mechanical  sprinklers,  and  where  the  outflow  at 
outlet  i.s  slow  and  continuous.  In  present-day  installations,  therefore, 
both  primary  and  secondary  contact-beds  are  put  down,  the  materials 
of  which  are  of  the  composition  and  size  hereinafter  described.  The 
effect  of  such  primary  and  secondary  contact  is  not  only  to  secure  more 
efficient  bacterial  action,  but  to  produce  better  effluents.  In  occasional 
instances,  however,  an  attempt  is  made  to  secure  the  same  effect  by  one- 
bed  only — by  the  bed  being  composed  of  strata  of  different  degrees  of  size 
of  filtering  or  contact  material.  At  Barrhead,  near  Glasgow,  for  example, 
the  total  depth  of  the  beds  is  four  feet,  the  lower  three  feet  nine  inches  of 
which  arc  made  up  of  engine-ashes  screened  through  a  -J-inch  screen  and 
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rejected  by  a  g:-inch  screen.  The  upper  three  inches  are  composed  of 
finer  material  than  the  lower  stratum.  But  modifications  in  the  com- 
position of  these  filter-beds  have  from  time  to  time  been  proposed.  •  In 
Stoddart's  sewage-filter,  which  has  no  built  retaining  walls,  the  filtorinw- 
material  consists  of  coarse  rubble,  ballast,  coke,  or  other  material, 
varying  in  sizes  between  two  and  four  inches,  and  laid  to  a  depth  of  six 
feet.  The  whole  bed  is  laid  upon  a  concrete  floor,  with  a  fall  toward  one 
end.  The  sewage  is  applied,  not  e?i  mmse,  but  in  a  continuous  stream 
of  drops,  by  means  of  distributors  which  consist  of  corrugated  iron  of  • 
alternate  ridge  and  gutter  form,  the  ridges  being  notched  at  regular 
intervals.  It  is  claimed  for  this  s}'stem  that  it  is  a  continuous  flow 
system,  that  no  land  treatment  of  the  effluent  is  required,  that  the  effluent 
is  good,  and  that  the  filter-bed  has  a  filtering  capacity  of  1000  to  200r> 
gallons  per  square  yard  per  24  hours.  In  the  Candy  system,  the  sewage, 
after  having  been  passed  through  a  grit-chamber,  is  evenly  distributed 
on  aerobic  contact-beds  by  patent  "  sprinklers."  The  sprinkler  consists 
of  hollow  perforated  arms  springing  from  a  central  spindle  or  stem — like 
tlie  spokes  of  a  magnified  bicycle  wheel — set  in  a  basin.  The  arrns  may 
be  two  or  more  in  number.  The  sewage  is  delivered  into  the  basin,  and 
thence  flows  into  the  hollow  arms  or  spokes  from  openings  in  which  it 
spirts  in  a  series  of  jets,  causing  the  whole  apparatus  at  the  same  time 
to  revolve.  A  head  of  eight  to  ten  inches  of  sewage  is  sufficient  to  set  up 
the  rotatory  movement  of  the  spindle  and  spokes  or  arms.  In  the 
circular  movement  thus  set  up,  the  jets  of  sewage,  freshly  oxygenated  in 
falling  through  the  air,  are  showered  evenly  on  the  bed.  The  Sewage 
Commissioners  in  their FifthKeporthaveinvestigated the  variousmethods 
of  feeding  percolating  filters,  and  their  observations  respecting  these 
will  be  found  on  a  succeeding  page  (p.  297).  In  order  to  re-aerate  the 
beds  the  action  of  the  sprinklers  is  intermittent,  in  that  they  cease 
acting  a  few  minutes  at  frequent,  periodic  intervals,  which  effect  is 
produced  by  siphon  action.  The  materials  of  the  percolating  beds 
consist  of  broken  brick  and  other  like  substances.  The  system  is, 
practically,  a  continuous  one. 

The  Ducat  Filter-bed— T^he  principle  of  the  bed  is  to  produce  oxida- 
tion of  the  sewage  by  causing  it  to  drip  upon  the  filter-bed  in  drops,  the 
sewage  being  distributed  from  the  top  of  the  filter-bed  by  means  of 
patent  automatic  tipping-troughs.  No  preliminary  treatment  of  the 
crude  sewage  is  employed.  The  effect  of  the  free  movement  of  air  in 
and  through  the  filter  enables  the  aerobic  organisms  to  freely  attack  and 
purify  the  sewage.  The  filtering-material  consists  of  stone  chips,  cinders, 
pebbles,  gravel,  or  other  like  material.  The  effluent  is  clear,  colour  ess, 
and  odourless.  The  bed  is  capable  of  acting  perfectly  upon  2oO  gaUons 
of  sewage  per  square  yard  per  24  hours.  The  results  of  its  operation  at 
Hendon  are  admirable,  and  it  is  comparatively  inexpensive  to  instal. 
It  ought  to  be  termed  a  bacterial  filter.  . 

Scott- M oner ieff  Proem-.— This  is  also  a  continuous  process,  and  is 
in  operation  at  Catcrham  Barracks,  where  it  deals  with  the  purification 
of  about  16,000  gallons  of  sewage  daily.  The  features  of  the  process 
are  these  :  the  sewage  is  passed  into  one  end  of  a  tank,  called  jy  tlie 
inventor  a  "  cultivation-tank."  The  liquid  portion  of  the  sewage  passes 
upwards  through  a  perforated  grating,  which  forms,  as  it  were,  a  laise 
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bottom  of  the  tank,  and  which  arrests  the  larger  sohds.  It  then  passes 
[\iw\wh.  a  hiyer  of  flints  laid  on  top  of  the  perforated  grating,  filling  the 
tank  until  it  rises  to  the  level  of  the  outlet,  which  is  placed  about  2  inches 
higher  than  the  level  of  the  entering  sewer.  It  is  then  passed  through  a 
series  of  wooden  trays  each  containing  a  layer  of  coke  in  pieces  about  the 
size  of  hoi-se-beans,"'and  thence  to  an  irrigating  plot.  The  sewage  thus 
undergoes  subsidence,  screening,  coarse  filtration  and  fine  contact  during 
the  course  of  the  continuous  flow.  The  effluent  is  clear,  colourless, 
odourless,  and  non-putrescible.  There  is  a  minimum  amount  of  sludge 
formed.  From  analyses  of  the  effluents,  it  has  been  shown  that  there 
is  considerable  reduction  in  free  and  albuminoid  ammonia  and  in  oxygen 
consumed,  and  that  nitrification-  takes  place  quickly  in  the  wooden 
coke-travs.  The  sewage  fi'om  the  cultivation-tank  contains  about  35 
parts  of  ammonia  per  100,000,  and  the  effluent  from  the  trays,  about  29 
parts  of  nitric  nitrogen  (in  nitrites  and  nitrates)  per  100,000.  It  is 
claimed  for  the  process  that  it  is  capable,  by  continuous  flow,  of  treating 
and  purif}dng  one  million  gallons  of  sewage  per  acre  of  tray-area  in  24 
hom\s. 

Another  filtering  medium  which  has  been  used  experimentally  in  Lichfield 
for  the  piu-ification  of  tlie  day-sewage  is  coal.  The  experiments  made  there  on 
the  large  scale  demonstrated  an  instant  reduction  in  the  effluent  of  albuminoid 
ammonia  and  of  oxygen  absorbed,  but  that  no  nitrification  took  place  i.mtil 
some  weeks  after  the  coal  filter-beds  were  in  operation.  The  coal-filter  was 
constructed  by  fillmg  an  excavated  area  of  ground  of  a  depth  of  5^  feet  with 
coal  to  a  depth  of  5  feet,  the  bottom  of  which  was  laid  with  drains.  The 
sewage,  after  the  addition  of  alumino-ferric  and  lime,  and  after  being  passed  into 
precipitation-tanks  and  freed  from  suspended  matter,  is  then  passed  through 
the  coal  filter-beds,  composed  of  particles  of  sizes  from  above  downwards  of 
;|ths  to  I;th  of  an  inch.  The  results  of  the  treatment  are  shown  in  the  following 
analyses  by  the  PubUc  Analyst  of  Staffordsliire. 

Table  XXXVI 


Parts  per  100,000 


Constituent 

Tank  EIHuent 

Coal-Filter  Effluent 

Total  solids  .... 

116-00 

155-00 

Free  and  Saline  Ammonia  . 

7-35 

0-010 

Albuminoid  Ammonia 

0-33 

0-04() 

Nitrogen  as  Nitrates  . 

0-00 

7-000 

Chlorine  ..... 

24-50 

22-10 

Oxygen  absorbed  in  four  hours, 

80°  F  

7-36 

0-243 

Appearances  .... 
Smell  ..... 
Reaction  to  Utmu.s 

Black 

Very  offensive 
Slightly  alkaline 

Clear  and  colourless 

None 

Neutral 

Id  Massachusetts,  sand  is  used  as  the  filtering  medium,  but  the 
rate  of  filtration  is  only  100,000  gallons  per  day  per  acre. 

Area  of  Filtp.r-beds. — The  extent  of  superficial  area  of  filter-beds 
required  in  the  bacterial  process  for  the  treatment  of  sewage  per  1000 
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of  population  is  not  yet  finally  decided.    Kaye  Parry  is  of  opinion  thi:i 
to  obtain  a  good  eifluent  of  a  previously  clarified  sewage,  two  aciv 
of  artificial  filters  for  every  million  gallons  of  sewage  per  day  are  k- 
quired.    Baldwin  Latham  has  estimated  that  the  probable  cost  (A 
artificial  filters  for  Manchester  would  amount  to  £300,000  without 
including  cost  of  purchase  of  land,  working  expenses,  and  renewal^. 
A  fair  estimate  of  filter-area  may  be  reckoned  to  be  half  an  acrefoi 
population  of  1000  or  1500.    At  Barrhead,  where  the  system  has  hri  <i 
installed  to  treat  the  sewage  of  10,000  persons  with  a  daily  dry-weatlp  < 
sewage-flow  of  200,000  gallons,  the  total  area  of  contact-beds  is  3  squ;;i 
poles  5  square  yards. 

Sludge  or  Deposit  in  Septic  Tanks.- — The  remarkable  feature  in  the 
bacterial  treatment  is  the  large  disappearance  by  natural  agencies  of 
the  sludge  which  is  formed  in  the  other  processes.  Although  the  Exetci' 
tank  had  been  in  operation  for  more  than  four  years  it  was  found 
that  the  floor  of  the  tank  was  but  thinly  covered  with  a  fine  deposit.  At 
Barrhead,  where  the  system  has  been  working  for  some  years,  tli'- 
deposit  has  formed  to  a  depth  of  30-36  inches  at  the  inlets  to  the  septic 
tank,  grading  downwards  to  12-14  inches  at  the  outlets,  the  deposit 
being  very  soft,  and  black  m  colour. 

Effect' of  Storm-Water  on  the  Process— The  Enghsh  Local  Govern- 
ment Board  has  framed  certain  rules  for  the  works  to  be  con.structed 
for  any  system  of  purification,  with  reference  to  storm-water.  The 
Board  demands  that  provision  shall  be  made  as  follows ': — 

1.  To  treat  fully  as  ordinary  sewage  one  volimie  of  mixed  sewage  and  storm- 
water  equal  to  three  times  the  daily  dry-weather  flow  ; 

2.  To  deal  with  the  excess  of  storm-water  up  to  six  times  the  dry -weather 
flow,  either  by  passing  it  through  a  special  and  separate  stonn-filter,  or  by 
delivering  it  on  a  special  area  of  prepared  land  other  than  that  in  use. for  the 
treatment  of  the  effluent  from  the  ordinary  tanks  and  filters.  If  such  a  storm- 
filter  be  provided,  it  should  be  of  sufficient  area  to  permit  a  rate  of  filtration  of 
500  gallons  per  square  yard  in  24  hours  ; 

3.  That  fixed  bye-pass  weirs  should  be  constructed  which  will  only  come 
into  action  when  the  sewage  is  diluted  with  five  volumes  of  storm-water. 

Storm-water  being  a  variable  quantity  might,  at  first  sight,  be  con- 
sidered to  be  a  disturbing  factor  in  the  efficiency  of  the  bacterial  process, 
in  respect  that  the  increased  velocity  of  flow  of  the  sewage  would  pre- 
vent the  organisms  exercising  their  action.    But  in  a  proper  installa- 
tion, such  increase  of  velocity  is  but  trifling,  and  influences  but  httle, 
if  at  all,  the  results.    In  the  Barrhead  works,  the  trade  effluents  do  not 
constitute  anv  part  of  the  sewage,  but  storm-water  is  mcluded,  and  pro- 
vision is  made  therefor  up  to  two  thirds  the  requirements  above  ui- 
dicated.    The  works  were  constructed  to  serve  a  population  of  mm 
persons  and  to  deal  with  a  maximum  flow  of  sewage  of  -100,000  gallons 
per  day,  the  dry-weather  flow  being  reckpned  as  half  that  quantity. 
The  regulation  of  the  rate  of  velocity  of  sewage  through  the  works  being 
placed  at  the  outlet  from  the  septic  tanks,  deposit  or  sediment  is  not 
likely  to  take  place  at  the  inlet,  as  woiM  be  the  case  if  matters  were 
reversed.    As  has  been  mentioned,  the  very  opposite  of  this  anticipation 
has  been  realised.    With  a  volume  of  sewage  three  times  greater  than 
the  dry-weather  flow,  or  (500,000  gallons  per  day,  the  velocity  m  tne 
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mks  is  only  If  inches  per  minute,  and  with  a  volume  six  times  greater, 
1,200,000  gallons,  3f  inches  per  minute,  either  of  which  velocities 
ould  be  incapable  of  distiu-bing  any  solid  matter  which  may  have 
ollected  at  the  bottom  of  the  tanks,  or  of  dislocating  the  thick,  tough 
ivcr  of  scum  on  the  surface  of  the  fiiiid  contents. 

Effect  of  Sewage-Purificaiion  Processes  upon  Pathogenic  Microbes. — 
W  hat  is  the  fate  of  pathogenic  organisms  in  purification  processes  ? 
!'he  view  usually  held,  that  in  the  fierce  struggle  for  existence  they 
iccumb  to  the  greater  activity  of  other  organisms,  must  be  modified 
■\  view  of  recent  researches.    It  has  been  proved  beyond  doubt  by 
i  ouston  and  others,  that  certain  pathogenic  organisms  come  unscathed 
trough  any  of  the  foregoing  processes.    Houston,  founding  upon  ex- 
.'riments  conducted  for  the  recent  Sewage  Commission,  affirms  "  that 
'  is  doubtful  if  any  bacterial  process  in  practical  operation  at  the 
resent  time  '  treats'  or  '  detains  '  the  sewage  for  a  sufficiently  long 
eriod  to  allow  of  the  complete  destruction  of  all  the  pathogenic  germs 
v  bacterial  agencies."  -^    From  his  experiments  upon  the  operation  of 
he  process  at  Barking  and  Crossness,  he  points  out  that  B.  coli  communis 
md  B.  enteriiidis  sforogenes  are  nearly  as  plentiful  in  the  effluents  as  in 
he  crude  sewage.    Moreover  his  experiments  with  the  Yeovil  sewage 
how  unmistakably  that  the  anthrax  bacillus  passes  unscathed,  as  do 
Iso  its  spores. 

Eesjjecting  B.  typhosus  and  B.  Gholerce  AsiaticcB  the  same  has  not 
et  been  proved  to  demonstration.  They  are,  however,  less  hardy  and 
^sistant  than  the  former.  From  the  experiments  of  Andrewes  and  Lewes 

I  1894  it  seems  well  established  that  ordinary  sewage  does  not  con- 
dtute  a  congenial  medium  for  their  life  and  groAvth ;  indeed,  even 

II  the  best  circumstances,  their  life  in  sewage  is  limited  but  to  days. 
'On  the  other  hand,  since  streptococci  are  abundantly  found  in  effluents 
rfrom  bacterial  beds — streptococci  being  comparable  in  resisting  power 

with  the  organisms  of  enteric  fever  and  cholera — ^it  must  be  presumed 
ithat  these  latter  will  also  survive  the  bacterial  treatment  and  pass  by 
Ithe  effluents.    We  have  been  able  to  corroborate  Houston's  results  with 

■respect  to  B.  coli  communis  and  B.  entcritidis  sporogenes.  In  the  water 
of  a  small  stream  into  which  the  effluents  from  coarse  contact-beds  of  an 
installation  are  allowed  to  flow,  these  organisms  were  found  by  the  author 

great  abundance. 

Royal  Commission  on  Sewage  Disposal 

Much  important  work  has  been  done  by  this  Commission  since  its 
pointnient  in  1898,  and  although  its  work  is  still  uncompleted,  its 
ports  have  proved  of  valuable  assistance  in  clearing  certain  points 
'regarding  which  Local  Authorities  and  even  Local  Government  Boards 
Were  in  doubt. 

Including  the  Interim  Report,  the  Commission  has  up  till  the  present 
issued  six  Reports,  viz.  :  (a)  Interim  and  First  Report  in  1903,  (6)  Second 
Report  in  1902,  (c)  Third  Report  in  1903,  {d)  Fourth  Report  in  1904, 
(e)  Fifth  Report  in  1908,  and  (/)  Sixth  Report  in  1909. 

1  B.M../.,  vol.  ii.,  Aug.  IS,  1900. 

2  London  County  Council  Report,  1894. 
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It  will  be  sufficient  for  our  puriiose  if  we  confine  our  observations  to 
the  different  findings  contained  in  these  Reports. 

I.  Interim  Report,  1902.i 

The  conclusions  of  this  Report  were  as  follow,  viz.  : — 

(1)  That  peat  and  stiff  clay  lands  are  generally  unsuitable  for  the  purifica- 

tion of  sewage,  that  their  use  for  this  purpose  is  alwayti  attended  with 
difficulty,  and  that  where  the  depth  of  top  soil  is  six  inches  or  loss,  the 
area  of  such  lands  which  would  be  required  for  efficient  puj-ifieation 
would  in  certain  cases  be  so  gi-eat  as  to  render  land  treatment  im- 
practicable. 

(2)  That  it  is  practicable  to  produce  by  artificial  processes  alone  either  from 

sewage,  or  from  certain  mixtures  of  sewage  and  trade  refuse,  effluents 
which  will  not  putrefy,  which  would  be  classed  as  good  according  to 
ordinary  chemical  standards,  and  wliich  might  be  discharged  into  a 
stream  without  fear  of  ci-eating  a  nuisance  ;  and,  therefore,  there  are 
cases  in  which  the  Local  Government  Board  would  be  justified  in 
modifying,  under  proper  safeguards,  the  present  rule  as  regards  the 
apphcation  of  sewage  to  land. 

(3)  That,  generally  spealdng,  the  Rivers  Pollution  (Prevention)  Act,  1876, 

has  not  resulted  in  the  general  purification  of  rivers  in  tliis  country, 
due  largely  to  the  reluctance  of  Local  Authorities  to  put  the  Act  in 
force,  but  partly  also  to  the  difficulty  wliich  a  Sanitary  Authority 
experiences  in  proving  that  the  pollution  within  its  district  comes 
from  the  district  against  which,  or  the  person  against  whom,  action  1= 
taken  ;  but  that  the  Local  Government  Act,  1888,  section  14  (1),  and 
the  Local  Government  (Scotland)  Act,  1889,  section  55  (1),  give  to 
Coimty  Councils  in  England  and  Wales  and  in  Scotland  respectively 
power  to  enforce  the  provisions  of  the  Rivers  Pollution  Act,  in  relation 
to  so  much  of  any  stream  as  is  situated  witliin  or  passes  tlirough  their 
jurisdiction. 

The  Commission  further  draws  the  attention  of  Local  Authorities  to 
the  provisions  of  the  law  whereby  the  Local  Government  Act,  1888, 
section  14  (3),  and  the  Local  Government  (Scotland)  Act,  1889,  section 
55  (3),  give  power  to  County  Councils  by  Provisional  Order  of  the 
Local  Government  Board  to  form  Joint  Committees  for  rivers  pollu- 
tion prevention  pm-poses. 

(4)  That  the  simplest  possible  means  should  be  provided  for  the  adequate- 

protection  of  rivers,  and  that  either  a  separate  commission,  or  a  new 
department  of  the  Local  Government  Board  should  be  created,  wlucli 
should  be  a  supreme  Rivers  Authority  dealing  with  rivers  and  their 
purification  with  power  to  take  action  where  Local  Authorities  fail 
to  do. 

II.  Second  Report,  1902.2  . 

Tliis  Report  contains  several  valuable  reports  of  different  mvestiga- 
tions  undertaken  by  different  expert  observers  of  subjects  coming 
within  the  scope  of  the  work  of  the  Commission. 

Of  these  may  be  mentioned  (a)  the  Manchester  experiments  m  sew- 
age-purification, (6)  the  bacteriological  standards  in  relation  to  potable 
and  non-potable  waters,  (c)  the  longevity  of  B.  typhosus  m  sewage, 
(fZ)  the  effect  of  filtration  in  reducmg  the  number  of  bacteria  m  -sewage- 
effiuents,  (e)  the  pollution  and  self-purification  of  the  river  Severn, 
and  (/)  some  of  the  chief  methods  used  in  the  bacteriological  es- 
iiinination  of  sewage  and  effluents. 

III.  Third  Report,  1903.3 

This  Report  deals  chiefly  with  trade  effluents  and — 
1.(1)  With  the  right  of  manufacturers  under  the  existing  law  to  disch^ 
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trade  effluents  into  sewers,  and  with  the  uncertainty  of  the  law 
thereupon. 

The  Commissioners  ai-rived  at  the  opinion  that,  unless  the  law  is 
altered,  differential  treatment  of  manufactiu-ers  in  this  regard  will 
continue,  tmd,  in  consequence,  trade  will  contmue  to  be  seriously 
hampered,  if  not,  indeed,  injiu-od  ;  that  all  manufacturers  should  be 
treated  ahke  in  this  regard  ;  and  that  it  was  practicable  to  secure 
gi'eater  imiforniity  than  at  present  exists. 
(2)  With  the  practicabiUty  of  pm-ifying  mixtm'es  of  trade  effluents  and 
sewage. 

The  Commissioners  found  on  the  evidence  that  sewage  so  mixed  is 
more  difficult  to  purify  than  ordinary  domestic  sewage  because — 

(a)  the  trade  effluents  are  discharged  into  sewers  at  irregular  intervals, 
thus  causing  considerable  variations  in  the  character  of  the  sewage 
to  be  treated  ; 

(6)  these  effluents  may  contain  large  quantities  of  soUds  in  s\ispension, 
which  tend  to  choke  the  pm'ification-plant  ; 

(c)  the  effluents  may  be  very  acid,  very  alkaline,  or  otherwise  chemi- 
cally injm-ious. 

They  were  of  opinion  that,  wherever  practicable,  the  manufacturers 
should  («)  remove  the  bulk  of  the  suspended  solids  from  the  effluents, 
(6)  neutralise  the  same,  and  (c)  deUver  the  effluents  into  the  sewers 
as  imiformly  as  possible  ;  and  that  if  these  conditions  wei"e  ob- 
served, it  was  practicable  in  the  great  majority  of  cases  to  purify 
mixtures  of  sewage  and  trade  efflvients. 
(3)  With  proposed  alterations  of  the  law. 

The  Commissioners  were  of  opLoion  that  the  law  should  be  so  altered 
as  to  make  it  the  duty  of  a  Local  Authority  to  provide  such  sewers 
as  are  necessary  to  carry  trade  effluents  as  well  as  sewage,  and  that 
the  manufacturer  should  be  given  the  right,  svibject  to  safeguards, 
to  discharge  trade  effluents  into  the  sewers  of  a  Local  Authority  if 
he  %vishes  to  do  so  ;  provided  that  the  safeguards  should  be  of  such 
a  Idnd  as  to  protect  a  small  Local  Authority  against  a  large 
manufacturer,  and  to  conserve  the  rights  of  riparian  owners,  and 
provided  that  no  extra  rate  be  put  vipon  any  manufacturer  who 
submits  his  effluent  to  the  aforesaid  prehminary  treatment,  except 
where  there  are  exceptional  circumstances  as  regards  volume, 
quality,  or  otherwise. 
2.  The  need  of  estabUshing  a  Central  Authority  to  settle  differences  be- 
tween Local  Atithorities  and  manufacturers. 

Differences  may  arise  on  any  of  the  following  points  : — 

(1)  The  refusal  of  a  Local  Authority  to  allow  a  particxilar  trade  effluent 

to  enter  their  sewers  ; 

(2)  The  refusal  of  a  Local  Authority  to  construct  or  enlarge  sewers  for 

the  purposes  of  a  particular  mantifactory  ; 

(3)  The  nature  of  the  general  regulations  as  to  prehminary  treatment  of 

effluent  by  manufacturer  ; 

(4)  The  imposition  of  a  special  charge  on  the  manufactiu-er,  and  its 

amount ; 

(5)  The  removal  of  sludge  where  manufactm-er  submits  effluent  to  pre- 

hminary treatment. 
On  the  evidence  given  before  them,  the  Commissioners  recommended  un- 
'^sitatingly  the  creation  of  a  properly  equipped  Central  Authority  in  tho 
itorests  of  the  trade  of  the  country  and  of  rivei'-purification  alike  ;  and  tiiat 
lis  Authority  should  consist  of  (a)  an  Administrative  Head,  (6)  a  bacteriologist 
•kving  special  knowledge  of  the  bacteriology  of  sewage,  trade  effluents,  and 
•liter-supply,  (c)  a  chemist  with  knowledge  of  the  same  from  tho  chemical  side, 
'id  (cZ)  an  engineer  having  a  special  Imowledge  of  geology  and  water-supply. 
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The  Authority  should  be  provided  with  a  fully  equipped  laboratory.  It  uliould 
have  powers  to  conduct  inquiries,  to  call  witnesses,  to  enter  premises  U)  take 
samples  of  trade  effluents,  and  to  do  all  other  necessary  acts.  Except  with  the 
permission,  of  the  Authority,  neither  coimsel  nor  export  witnesses  should  be 
heard  at  its  inquiries.  It  should  bo  a  new  department  under  the  Local  Govern- 
ment Board.  . 

In  view  of  the  fact  that  in  many  parts  of  England  tlie  pollution  of  ri\eiu 
goes  on  imchecked  notwithstanding  the  River.s  Pollution  (Prevention)  Acts,  tlie 
Central  Avithority  should  also  deal  with  river  pollution,  but  not  take  the 
place  of  Local  Authorities  in  protecting  their  rivers  and  sources  of  watcr- 

^"^^^The  Commissioners  further  recommended  that  Rivers  Boards  such  as  the 
^^lersey  and  Irwell  Joint  Committee,  the  Ribble  Joint  Committee,  and  the  West 
Riding  Rivers  Board,  should  be  formed  all  over  the  country,  the  duties  of  which 
ought  to  inclade  the  supervision  and  inspection  of  water-suppUes  against 
pollution  ;  that  it  should  be  the  duty  of  the  cliief  mspector  of  each  Board  to 
make  annually  a  report  on  the  work  of  the  year,  a  copy  thereof  to  be  sent  to  tlie 
Central  Authority  ;  and  that  the  Central  Authority  should  exercise  a  general 
supermtendence  over  the  whole  coimtry  respecting  the  prevention  of  pollution 
of  water,  shotild  investigate  all  cases  of  pollution  brought  under  its  notice  by 
the  Rivers  Boards,  and,  when  pollution  is  proved  dangerous  to  health,  should 
notify  the  same  to  the  company  or  Local  Authority  supplymg  the  water. 

IV.  Fourth  Report,  1904.i 

This  Report  is  mainly  concerned  with — 

(1)  the  law  in  regard  to  pollution  of  tidal  waters  ; 

(2)  the  contamination  of  shell-fish  by  sewage  effluents  ;  and 

(3)  the  possibihty  of  conuTumication  of  disease  tlu-ough  sheU-fash. 
The  remedies  suggested  by  the  Commissioners  are  as  foUow  :— 

(1)  Piu-ificatibn  of  sewage  before  discharge  into  tidal  waters  ; 

(2)  Seizm-e  and  destruction  of  imwholesome  shell-fish  exposed  for  sale ; 

(3)  EstabUshment  of  a  competent  Authority  to  deal  with  aU  tidal  waters, 

to  control  foreshores,  to  close  dangerous  beds,  ponds,  and  J'^^'^gs- 
and  to  requii-6  treatment  of  sewage  ;  this  Authority  to  be  the  Rivers 
Boards  and  the  Central  Authority. 

V  Fifth  Report,  1908.2 

Tliis  Report  deals  with  the  Methods  of  Treating  and  Disposmg  of  Sewage 
TlJ™Xonclasions  arrived  at  by  the  Commission,  b.wsed  on  various  foi-ms 
S  evidence,  were  (a)  that  it  is  practicable  to  purify  the  .sewage  of  any 
degree  required,  either  by  land  treatment  or  by  artiEcial  filter.,  {&)  t 
thfre  is  no  essential  difference  between  the  two  processes  for  m  each  ca^  the 
T,m:ification,so  far  as  it  is  not  mechanical,  is  mamlyeffected  by  micro-organiMUS. 
The  two  practical  questions  wWch  arise  for  the  consideration  of  ^^-^^^^^^^^ 
nosing  to  adopt  a  scheme  of  purification  are  (1)  what  degree  of  purification  do 
Z  SLumstaLes  of  the  tomx  require  in  relation  to  the  river  or  stream  nto 
which  the  effluent  from  the  purification-works  is  to  be  discharged,  and  {-  ho  ^ 
TanThat  be  n.ost  economically  accomphshed.  Whatever  may  ^«  ^  ^^^^^^^^ 
chosen,  the  Commission  state  that  they  know  of  no  ease  f  ^^-^^  "^J^ 
of  trade  refuse  with  the  sewage  makes  it  impr.M5ticable  to  purify  the  .sc  <^ 
e  ther^pon  W  or  by  means  oi  artificial  processes,  although  m  certain  extioim 
Tases  special  processes  of  preliminary  treatment  may  be  required^ 

The  Commission  say  that  sewage  generally  may  be  ^'^'-^^^^^f^fou^^^^^^ 
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I  hat  the  composition  of  varioiis  sewages  varies  to  a  large  extent,  and  that  tliese 
,  arirttions  depend  chiefly  on  the  anioimt  and  nature  of  the  water-supply,  the 
imnbor  of  wator-closets,  whether  tliere  exists  a  dual  or  a  single  system  of 

hanuols,  and  what  trade  effluents  (if  any)  are  admitted  into  the  sowers  ;  that 
rlie  most  exact  method  of  measuring  or  estimating  the  strength  of  a  sewage  is 
lo  ascertain  the  amoimt  of  dissolved  oxygen  taken  up  dm-ing  the  practically 

omplete  oxidation  of  the  organic  and  aramoniacal  matter  therein  ;  and  that 
-his  dissolvod-oxygen  test  differs  from  the  oxygen  absorbed  from  permanganate 
■stimation  in  that  it  takes  accoimt  of  practically  all  of  the  organic  matter,  and 
!iot  merely  that  of  a  particular  kind  ;  that  this  dissolved-oxygen  test  may  be 
rarried  out  in  one  of  two  ways  :— (a)  by  diluting  the  sewage  largely  with  good 
!  ap  water, estimating  the  oxygen  in  solution  in  an  aliquot  portion  of  themixtiu-e, 
;i:id  shutting  oS  from  the  air  the  remainder  in  a  bottle  which  is  completely  filled 
w-itli  tlie  mixture.  By  allowing  this  to  stand  for  at  least  two  months,  and 
making  a  fresh  estimation  of  the  dissolved  oxygen  at  the  end  of  that  time,  any 

lifference  will  represent  the  amount  of  oxygen  taken  up  by  the  sewage  ;  or 
(h)  by  keeping  the  sewage,  eitlier  in  its  natural  condition,  or  sUghtly  diluted  with 
rap  water,  continuoiisly  aerated  in  a  bottle,  containing  a  measured  excess  of  air. 
rhe  Commission  point  out,  however,  that  the  length  of  time  required  for  the 
c  ompletion  of  the  test  is  a  very  serious  disadvantage  ;  even  with  special 
.lorating  an-angements  the  second  method  cannot  be  completed  vmder  twelve  or 
:aore  days. 

1.  Preliminary  Procesaes  for  Removal  of  Suspended  Matters. — The  Commission 
;re  satisfied  that  it  is  more  economical  generally  to  remove  a  considerable  pro- 
portion of  the  grit  and  suspended  matter  from  the  crude  sewage  before  attempt- 
ing to  oxidise  organic  matters  either  on  land  or  in  filters.  They  point  out  that 
while  it  is  true  that  at  Leeds,  Sutton,  Hampton,  Hendon  (the  Ducat  filter), 
Market  Drayton  (the  Ducat  filter),  and  elsewhere,  crude  sewage  has  been  satis- 
factorily pm-ified  in  filters  with  almost  complete  absence  of  nuisance,  in  most  of 
the  places  tliis  had  to  be  given  up  because  of  rapid  choking  of  filters.  Screening 
isadvisable.  Grit  or  detritus  chambers  or  tanks  for  settlement  of  road  detritus  are 
tlso  of  advantage.  Sedimentation-tanks,  in  which  the  sewage,  untreated  in  any 
way,  is  allowed  to  settle  for  a  time,  have  also  been  foimd  most  viseful.  At  Leeds 
and  Sheffield,  for  example,  where  in  these  tanks  the  sewage  is  allowed  to  settle 
tor  two  or  three  hours,  a  fairly  good  tank  liquor  resulted.  Where  continuous- 
flow  sedimentation  is  carried  out,  as  at  CUfton,  Halton,  Oswestry,  and  Dorking, 
and  where  the  rate  of  flow  per  minute  in  inches  was  1-7,  0-66,  3-40  and  -031 
inches  respectively,  the  reduction  in  the  amoimt  of  suspended  solids  per  100,000 
parts  was  from  49  to  24, 17-7  to  10-7,  32-0  to  15-8,  and  20-8  to  10-1,  respectively. 
The  Commissioners  are  of  opinion  that  such  quiescent  tanks  should  be  used  in 
parallel,  in  order  that  the  periodof  actual  quiescence  should  bo  as  long  as  possible. 
Settlement  of  sewage  by  sedimentation  does  not  give  rise  to  serious  smell  while 
fanks  are  at  work,  but  when  the  tanks  are  being  sludged  there  is  considerable 
■^mel]. 

Regarding  the  action  of  Septic  Tanks,  the  Commissioners  cannot  uphold  the 
'•laim  originally  made  for  these — that  they  solved  the  sludge  difficulty  by  dis- 
=<alving  practically  all  organic  solid  matter.  They  find  it  proved  that  all  such 
■^olid  organic  matters  are  not  digested  by  septic  tanks.  Various  estimates  of 
t  ho  actual  amounts  digested  were  given  for  different  places  ;  for  example,  at 
lliiddorsfield,  38  per  cent,  of  the  solids  wei'e  converted  into  gas  or  wore  digested, 
at  I^eds  32  per  cent.,  at  Manchester  about  25  per  cent.,  at  Sheffield  32-9  per 
fent.,  and  at  Birmingham  not  more  than  10  per  cent.  At  Exeter,  where  the 
Commission  made  observations  extending  over  two  years,  the  amovmt  was  25 
[ler  cent.,  and  at  Ilford,  about  30  per  cent.  In  both  of  those  last  named  places 
the  sewage  was  domestic  in  character. 

The  second  point  found  proved  was  that  the  offlnont  from  the  septic  tank 
was  bacteriological ly  almost  as  impure  as  the  crude  sewage  on  entrance.  The 
third  claim  made  for  the  septic  tank — that  the  liquid  therefrom  was  more 
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easily  treated  than  wa^  sewage  from  which  the  solids  had  been  merely  removed 
—could  not,  after  experiments,  be  upheld.    Settlement  of  suspended  solids  in 
septic  tanks  is  not  usually  very  complete  ;  in  many  places  the  tank  liqu" 
showed  an  average  of  15  to  20  parts  per  100,000.    The  actual  amount  xs;, 
found  to  depend  largely  on  the  composition  of  the  crude  sewage.    The  lent"  i 
a  septic  tank  is  run  without  cleaning  out  the  sludge,  the  less  volume  of  sludge 
will  there  be  per  million  gallons  of  sewage  treated,  this  being  due  to  the  closer 
settling  of  the  sludge.    With  regard  to  the  length  of  time  a  septic  tank  should  be 
allowed  to  nm  without  cleaning,  the  only  guiding  principle  which  the  Com- 
mission can  suggest  is— so  long  as  the  suspended  matter  in  the  tank  liquor  shows 
no  signs  of  affecting  the  filters  detrimentally,  and  provided  that  it  was  never 
allowed  to  become  more  than  one-third  full  of  sludge.    After  a  tank  is  cleaned 
out  either  a  portion  of  sludge  should  be  left  or  it  should  be  filled  with  septic 
tank  liquor,  if  there  be  two,  so  that  microbic  fermentation  may  proceed  apace. 
The  Commission  consider  that  the  main  objects  of  passing  sewage  tlu-ough  a 
septic  tank,  are  three  in  number  -.—(a)  settlement  of  suspended  matter ;  lb) 
digestion  of  as  much  sludge  as  possible,  and  (c)  equaUsation  of  strength  of  sewage ; 
that  the  most  effective  rate  of  flow  is  that  wliich  is  sufficient  to  fill  the  tank  once 
every  24  homrs  ;  that  the  closed  tank  possesses  no  advantages  over  the  open 
tank,  but  where  smells  are  apt  to  give  rise  to  nuisance,  the  closed  is  better  than 
the  open  :  that  at  not  a  few  places  where  the  open  septic  tank  was  in  nse  the 
small  was  very  marked,  and,  sometimes,  gave  rise  to  nuisance,  as  at  Gosport. 
Guildford,  and  elsewhere;    that  in  some   places  arrangements  exist  for 
removing  suspended  soUds  from  the  tank  hquor,  and  m  others,  a3  at 
Dorkmgfthe  tank  hquor  is  caused  to  pass  tlirough  smaUer  tanks  to  which 
2  to  3  irains  of  hme  per  gallon  have  been  added,  the  effect  being  to  nd  the 
liquor  of  its  offensive  odour,  and  to  purify  a  larger  quantity  of  hquor  per 

'"'^2  ^ChemMPrecipitation.^The  Commission  beheve  that  the  opmion  h^d 
by  some  that  chemical  precipitation  methods  of  purification  are  "bsolet^  fom^ 
of^reatment  is  far  from  bemg  well  foimded  ;  that  sewages  which  contam 
trade  waste  demand  some  form  of  chemical  treatment  before  ^'tteinpting  to 
oxidise  the  organic  matters  ;  and  that  in  -^--'^^'^S^  ^oraesUc  sej^.g^^^^^ 
ally  treated  and  allowed  thereafter  to  stand  and  settle  for  about  2  1  ourS'  jt 
IS  practicable  to  reduce  the  suspended  sohds  to  from  1  to  4  parts  per  00,000, 
and  bv  continuous  flow  at  an  8-hour  rate,  to  from  3  to  6  part^  Per  100,000^ 
They  had  imder  observation  the  effects  or  results  of  the  use  «  f-^^^-^J 
■  .    (n\  T  Ittir  •    lb)  Lime  with  ferrous  sulphate  ;    (c)  Lune  win 

SISmto  tri^;^  U  Al^m^^^^^^  alone  :    (.)  Alimiino-ferric  with  bloody 

law  and  c  ay  (A.B.C.  process)  ;  (/)  Ferro-zone  ;  (,)  Ferric  sulphate  ;  and 
S^^Sliuric  .A'  At  mo^st  of  the  works  where  d°-^^f  ^71^^^^^^^ 
alumino-ferric  was  the  precipitant  used.    They  say  of  the  A.B.C.  P^oce-^  a 

oJrat  Kingston'thaf  it  is  a  very  efficient  form  o  P-^^*;^^^^^^ 
net  result  of  the  experiments  with  lime,  hme  and  ferrous  sulphate,  ^^d  icrr  c 
J^lphate  and  ahmiiSimi  sulphate,  was  that  ^--c  sulphate  ^^^^^^^^ 
the  most  manageable  and  the  most  /''•'^j^jf  I,,^^^^^^^  JSuh  Sul- 
experiments,  that  ferric  sulphate  and  hme  ^^^'^^^  ^^^^^^^^^^^^  pro- 
phuric  acid  has  proved  of  great  use  m  those  Pl'^'^^^^^^^^^^^X^d  tl^  of 
portion  of  wool-scorning  refuse  1^^^^^^^^ 

S't:rptt:ro^^^^^^  cas,  must  l;o  dct^rnime 

blX'cCiter'of  th'e  sewage,  Specially 

effluents  and  the  predominating  character  of  t^^^^se  effluents^  .'o  fid  probabl> 
contains  much  brewery  waste,  a;,  at  l^;''-t°;;Vra  TBri^^ 
have  to  be  used  ;  or  is  very  alkalmo  and  greasy,  ^*  ^r^i^^^^i'^^^icrobi^l 
tains  much  tarry  matter  or  matter  havmg  l^f'^^^^^^^^Z  bo  necessary, 
activity,  as  at  Manchester,  septic  tank  treatinent  ""^'^  P^";'?^';  >  ^^^^^  th> 
To  be  most  effective,  chemical  precipitants  do  best  work  ^vllen  added  m 
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form  of  a  solution,  and  after  addition,  the  mixtiire  should  be  thoroughly 
mixed  by  mechanical  agencies. 

The  Commission  liave  done  excellent  public  service  in  this  report  by 
indicating,  mider  a  series  of  hypothetical  yet  reaUsable  conditions,  the  systems 
of  purifielition  which  would  be  applicable,  with  their  respective  approximate 
costs.    Such  should  prove  of  considerable  aid  to  Local  Authorities. 

3."  Purification  by  Artificial  jPiZ^ers.— Sewage-filters  are  divisible  into  two 
broad  classes  : — (a)  contact-beds  ;  (h)  percolating  filters. 

Contact-beds  contain  some  filtering  medimn  fitted  for  microbial  activity 
and  least  hable  to  disintegration  ;  the  sewage  is  held  in  the  bed  for  some  time, 
ihis  period  being  called  the  period  of  contact ;  and  the  bed  after  being  emptied 
is  allowed  to  remain  empty  for  some  time  to  enable  re-aeration  of  filtering 
media  to  take  place.  _ 

Percolating  filters  are  filters  in  which  the  sewage  is  not  held  in  volume  but 
is  permitted  to  percolate  through  the  mediiim. 

Both  are  capable  of  effecting  some  measure  of  oxidation  of  sewage,  given 
proper  construction  and  appropriate  working. 

For  most  efficient  purification,  suspended  soUds  should  be  largely  removed 
before  sewage  is  submitted  to  these  filters,  especially  if  the  filtering  medium 
be  of  fine  character. 

But  contact-beds  may  be  divided  into  (1)  coarse  contact-beds,  (2)  medium 
contact-beds,  and  (3)  fine  contact-beds,  depending  on  whether  the  material  ern- 
ployed  therein  be  3  inches  in  diameter  and  upwards,  half  an  inch  to  1  inch  in 
diameter,  or  J-inch  diameter  respectively. 

In  the  first,  grit-settled  sewage  containing  20  to  30  parts  of  suspended 
matter  could  be  treated  at  the  rate  of  1  to  1^  fillings  per  day,  or  if  containing 
30  to  50  parts  of  suspended  sohds  per  100,000,  at  the  rate  of  1  filling  per  day  ; 
in  both  cases  the  bed-material  wovild  require  to  be  washed  once  every  18  to 
24  months,  and  if  secondary  beds  of  medimn-sized  material  be  used  with  them, 
the  secondary  beds  would  have  to  be  washed  every  4  to  6  years  ;  in  the  second 
or  medium  contact-beds,  tank  Uquids  containing  10  to  15  parts  of  suspended 
matter  could  be  treated  at  the  rate  of  about  2  fillings  per  day,  and  the  mediiim 
would  require  to  be  washed  or  renewed  once  every  3  to  5  years,  hquids  with 
4  to  7  parts  suspended  matter  at  the  rate  of  about  3  fillings  per  day,  or,  occa- 
sionally, of  4  fillings  per  day,  and  washing  of  material  every  4  or  5  years, 
and  liquors  with  1  to  4  parts  suspended  matter  at  the  rate  of  4,  and,  occasionally, 
of  6  fillings  per  day,  and  washing  every  8  years  or  thereby  ;  and  in  the  third  or 
fine  contact-beds,  only  the  last  named  kind  of  Uquor  could  be  safely  treated. 

Percolating  filters  are  divisible  into  four  classes,  the  first  three  of  which 
correspond  in  respect  of  sizes  of  filtering  media  with  the  divisions  for  contact- 
beds,  the  fourth  in  this  class  being  aomposed  of  filtering  material  of  ^th-inch 
size  and  smaller. 

In  the  coarse  filter,  grit-settled  and  screened  sewage  containing  30  parts 
of  suspended  matter  per  100,000  parts  could  be  treated  at  the  rate  of  about 
50  gallons  per  cubic  yard  per  day,  and  the  upper  layers  of  the  bed  would  require 
renewal,  and  the  lower  layers  to  be  flushed,  about  every  2  years  ;  tank  hquors 
with  10  to  20  parts  suspended  matters,  at  the  rate  of  about  100  gallons  per 
cubic  yard  per  day  ;  hquors  with  from  4  to  7  parts  suspended  matter  at  a  rate 
of  100-150  gallons  per  cubic  yard  per  day,  and  Uquids  with  1  to  4  parts  suspended 
matter,  at  a  rate  of  100  to  200  gallons  per  cubic  yard  per  day. 

In  all  these  cases  fimgoid  growths  might  develop  on  the  surface  of  the  beds. 

With  regard  to  the  other  three  classes  of  percolating  filters  the  screened 
sewage  or  tank  liquids  suitable  for  treatment  therein  would  require  to  contain 
diminishing  amoimts  of  suspended  solids  to  be  filtered  at  a  slower  rate  per  day, 
and  the  bed-materials  to  be  washed  at  shorter  intervals  than  in  the  case  of  the 
coarse  filters. 

The  Commission,  while  agreeing  as  to  the  fact  that  organic  substances  are 
cliangodinthecontact-bods  into  COjgas  and  ammonia,  and  while  remarking  that 
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the  purifying  agents  are  bacteria,  worms,  insects,  larva^,  aninialcula^  offer  ntj 
positive  opinion  as  to  the  respective  parts  played  by  eacli  in  tlie  process,  but 
confirm  the  view  aireadj'  hold  that  tliero  is  always  a  loss  of  nitrogen,  as  nitrogen 
gas,  during  the  process.  Wliilo  contact-bods  may  bo  constructed  by  the  ex- 
cavation of  stiff  soil,  the  construction  of  the  bottom  of  the  bed  should  be  such 
that  the  liquid  may  be  drawn  off  quickly  but  quietly,  hence  it  should  Ixs  well 
under-drained  and  the  outlet-valve  should  be  easily  accessible  to  enal  , 
ready  sampling  of  eflfliuent.  With  respect  to  depth  of  bed,  the  Commissi  - 
think  it  inadvisable  that  they  should  be  of  greater  depth  than  6  feet  or  of  a  Ic 
depth  than  2  feet.  They  formd  that  the  depth  varied  from  6  feet  in  Leeds  to 
the  least  depth  of  H  feet  at  Oldham,  the  average  being  about  4  feet.  The 
period  of  filling  and  emptying  also  varied,  but  they  were  of  opinion  that  for 
effective  work  a  contact  of  two  hours'  duration  should  be  provided  for  and 
regularly  observed,  that  the  fillings  should  be  as  far  apart  from  one  another  as 
practicable  so  that  the  maximum  period  for  drainage  and  aeration  between 
the  filhngs  may  be  obtained,  and  that  the  filling  and  emptying  be  carried  out 
as  rapidly  as  possible.  With  regard  to  the  use  of  automatic  gear,  the  observa- 
tions of  the  Commissioners  and  of  others  tend  to  the  view  that  it  is  not  possiid'^ 
to  rely  entirely  on  automatic  apparatus,  although  within  certain  limits  it  may 
be  advantageously  used  with  much  saving  of  laboiu".  On  the  question  of  lo.ss 
of  capacity  of  contact-beds,  the  following  factors  are  behoved  to  enter  into  the 
result : — (a)  disiategration  of  fUteriag  material ;  (6)  consolidation  of  the  same  ; 
(c)  deposition  of  colloidal  matter  ;  (d)  groveth  of  organisms  and  development  of 
animalculse  ;  (e)  volmne  of  hquid  passed  on  to  the  bed  ;  (/)  insufficient  rest ; 
{g)  inefi&cient  draiaage,  and  (h)  amoxmt  of  suspended  matter  in  liquid  passed 
on  to  bed.  Of  these,  probably  the  most  important  are  disintegration  of  filtering 
material,  consolidation  of  material  especially  in  fine  contact-beds,  and  sus- 
pended matter  in  hquid  passed  on  to  bed.  In  order  to  get  rid  of  the  accumu- 
lated suspended  matter  which  has  become  incorporated  in  the  filtering  media, 
washing  of  the  media  must  be  periodically  done. 

As  to  the  filtering  materials  employed,  clinker  and  coke  are  those  most  in 
general  use.  Clinker  has  this  advantage  over  the  coke,  that  it  is  verj'  hard, 
is  non-friable,  presents  a  large  superficies  because  of  its  irregidar  shape  and 
vesicular  form,  and  is  not  hable  to  disintegration.  Coke  has  given  good 
results  in  several  places  ;  but  the  experience  of  the  Commission  has  constrained 
them  to  prefer  chnker.  With  regard  to  Dibdin's  slate-slab  primarj'-  contact- 
beds,  they  came  to  the  conclusion,  after  having  examined  the  beds  at  De^•izes, 
where  they  were  used  to  treat  screened  sewage,  that  such  beds  must  be  re- 
garded more  as  preliminary  settling  or  septic  tanks  than  as  contact-beds.  With 
respect  to  size  of  material  composing  contact-beds,  they  reached  the  opinion 
that  it  should  not  be  too  small  if  the  liquid  to  be  treated  contains  an  appreci- 
able amoimt  of  suspended  matter,  else  it  will  choke  the  beds  and  retard  drain- 
age, as  was  fovmd  at  Devizes  and  Hampton,  where  the  fine  contact- beds  were 
composed  of  ^-inch  clinker.  As  a  general  principle,  the  safe  rule  wa?  that  the 
size  of  material  was  to  be  determined  chiefly  by  the  amount  of  suspended 
matter  present  in  the  liquid  to  be  filtered,  the  larger  that  amount  the  coar.ser 
the  material  demanded,  the  smaller,  the  finer  the  material  permissible.  As  to 
grading  of  material  in  contact-beds,  they  reached  the  view  that  it  was  a?  un- 
necessary as  it  was  expensive  to  exercise  too  great  refinement  in  gradijvg. 

Depth  of  Percolating  Filters. — The  results  of  experiments  at  Accrington, 
LeecLs,  and  Salford  on  this  subject  went  to  support  the  view  that  the  deeper  the 
material  the  better  the  resulting  effluent,  but  the  Connnission,  basing  their 
opinion  on  experiments  made  by  them  at  Horfield  and  Ilford.  came  to  the  finding 
that  "  within  somewhat  widr  limits  of  depth,  and  given  ample  aeration  and  good 
distribution,  the  same  amo  int  of  work  can  be  got  out  of  a  cube  yard  of  coarse 
material  whether  it  is  arranged  in  the  form  of  a  deep  or  of  a  shallow  percolating 
filter."  But  after  fm-ther  experimentation  at  Dorking,  the  general  conclusion, 
in  addition  to  that  just  quoted,  at  which  they  arrived  was  "  that  the  deeper  the 
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filter  the  better  the  effluent.  This  holds  botli  kn-  fine  and  cotirso  material, 
assuming  good  distribution  and  aeration  "  ;  and  that  "  the  extent  of  the  purifica- 
tion eft'ected  by  a  percolating  filter  varies  with  the  average  length  of  time  taken 
by  the  sewage  liquor  to  piiss  through  the  filtering  material." 

Methods  of  Feeding  Percolating  Filters. — The  object  to  bo  aimed  at  in  feeding 
.such  filters  is  imiformity  of  delivery  over  the  entire  area.  Any  tli.stributor 
should,  therefore,  comply  with  the  foUowmg  requirement?  : — (1)  Distribute  uni- 
formly over  entire  filtering  area  ;  (2)  Should  not  be  affected  by  atmospheric 
conditions,  as  wind,  frost,  snow,  etc.  ;  (3)  Sliould  be  able  to  adjust  itself  to 
large  variations  in  flow,  in  small  night-flow  and  in  increased  storm-flow  ;  (4) 
The  dropping  points  should  not  be  liable  to  be  affected  by  stoppage  by  sus- 
pended matter  in  sewage  or  tank  Uquor  ;  (5)  Should  be  easy  to  clean  ;  (6)  The 
points  at  which  moving  parts  are  in  contact  with  stationary  parts  of  distributor, 
or  with  parts  having  a  different  motion,  should,  as  far  as  possible,  be  separated 
from  the  liquid  which  is  being  distributed.  The  selection  of  a  distributor  will 
depend  on  head  of  water  or  other  motive  power,  and  cost  of  working.  The 
Commission  had  under  observation  the  following  six  forms  of  distribution  : — 
(1)  A  sprinkler,  which  acts  either  automatically  or  by  applied  power  ;  (2)  A 
stationary  form  of  distributor  composed  of  perforated  pipes  carried  over  filter- 
area  ;  (3)  A  form  of  distribution  in  which  definite  volumes  are  automatically 
delivered  in  flushes  ;  (4)  Distribution  by  means  of  a  very  fine  material  laid  on 
filter-surface,  by  means  of  wlaich  sewage-liquid  is  spread  over  filter-surface  ; 
(5)  Dripping-trays,  invented  by  Wa.lUs  Stoddart,  by  which  sewage-Uquid  is 
carried  over  filter-bed  in  perforated  trays  of  corrugated  iron,  from  which  it  falls 
in  drips  on  filter-svirface  ;  and  (6)  Tipping- troughs — also  a  stationary  form — 
consisting  of  pivot-balanced  troughs,  so  balanced  that  when  full  they  tip  up, 
distribute  their  contents  on  filter-surface,  and  resume  their  original  position. 

The  observations  of  the  Comniission  respecting  these  may  be  thus  sum- 
marised :  No.  1.  Moving  sprinklers.  Unless  driven  by  apphed  power,  they 
are  .seriously  affected  in  action  by  wind,  and  by  severe  frost  and  snow.  Auto- 
matically acting  sprinklers,  when  fed  from  a  flushing-tank,  adjust  themselves 
to  large  variations  of  flow,  but  when  acting  continuously,  without  such  a  tank 
their  rate  of  action  can  only  be  varied  within  narrow  limits.  Perforated-pipe 
sprinklers  need  a  considerable  amount  of  attention.  No.  2.  Distribution  by 
perforated  pipes  or  nozzles  laid  over  a  bed  is  almost  always  rather  unequal. 
This  method  requires  a  considerable  head  of  water  for  efficient  working,  and 
constant  attention  to  keep  pipes  and  holes  clean  and  free.  Watson  of  Birming- 
ham, after  comparison  of  different  methods  of  distribution,  has  adopted  the 
nozzle  form.  No.  3  would  only  be  suitable, in  a  limited  number  of  cases.  It 
IS  not  well  adapted  for  treatment  of  strong  sewage.  No.  4.  This  form  does 
well  for  either  weak  or  strong  sewages  ;  but  imless  the  fine  material  on  the  bed- 
surface  is  kept  closely  packed,  the  liquid  is  apt  to  pass  too  rapidly  to  the  drains. 
Nos.  5  and  6.  Dripping-trays  and  tippmg-troughs  are  more  suitable  for  small 
than  for  large  installations.  They  can  adapt  tliemselves  to  variations  in  flow. 
Trays  are  better  suited  for  weak  liquids  in  large  volume  than  strong  liquids  in 
small  volume.  Distribution  is  seldom  perfect,  and,  therefore,  it  is  best  to  have 
deep  beds  where  they  are  adopted.  Medium-sized  or  coarse  material  should  be 
iwod.  They  roquii'o  daily  attention.  Tipping-troughs  are  liable  to  be  com- 
pletely put  out  of  action  by  severe  frost,  as  at  Little  Drayton,  and  the  Com- 
mission think  that  the  same  cause  would  affect  dripping-trays,  though  not  to 
the  extent  of  complete  cessation  of  distribution. 

They  .state  that  "  all  forms  of  distribution  on  percolating  filters  are  liable 
to  give  rise  to  nuisance  from  smell,  if  a  strongly  smelling  liquor  has  to  be  dealt 
with.  In  the  case  of  trays  or  tipping-troughs  the  smell  is  confined  more  or  less 
to  the  immediate  vicinity  of  the  filter,  and  it  may  be  largely  done  awav  with  at 
small  works  by  providing  an  inexpensive  form  of  cover  for  tlie  filter.  Tlae  nozzle 
form  of  distributor  is  naturally  the  most  liable  to  give  rise  to  sm':'ll,  but  moving 
•<prinkler.s  are  alirmst.  of|nally  bad  in  this  •respect.''    They  add  that  experience 
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has  not  demonstrated  that  it  is  necessary  for  purposes  of  aeration  to  expose  tlio 
sides  of  a  percolating  filter  to  the  atmosphere  in  order  to  obtain  good  result.-. 

Punftcation  of  Sewage  by  Land  Treatment. — "  There  can  be  no  doubt  Ukii 
where  the  soil  is  suitable  and  the  area  of  land  sufficient,  organic  matters  in 
sewage  can  be  thoroughly  oxidised  by  land  treatment."  Effluents  from  land 
and  from  artificial  filters  chemically  possess  similar  qualities.  Of  the  eight 
sewage  farms  under  observation  by  tlie  Commission,  the  average  purification 
achieved  was  about  78  per  cent. ;  of  seven  contact-bed  installations,  it  was  93-4 
per  cent.,  and  of  six  percolating-filter  installations,  99-4  per  cent.,  if  in  the  last 
two  cases  the  suspended  solids  be  left  out  of  count.  Generally  speaking, 
effluents  from  land  ti-eatment  were  fovmd  to  be  better  than  from  artificial 
filters,  where  the  best  land  was  being  employed.  Of  the  eight  sewage  farm 
effluents,  Nottingham  was  the  only  one  which  did  not  putrefy  on  incubation. 
While  there  is  no  essential  bacteriological  distinction  between  effluents  from 
land  and  those  from  artificial  filters  as  presently  used,  the  former  usually  con- 
tain fewer  micro-organisms  than  the  latter.  With  regard  to  the  volume  of 
sewage  to  be  treated  on  land,  the  evidence  pointed  to  a  maximiun  rate  of  30,000 
gallons  per  acre,  or  1000  persons  per  acre,  in  the  case  of  the  best  land,  after 
preliminary  treatment,  and  3000  gallons  per  acre,  in  the  case  of  clay  land,  after 
settlement  of  the  sewage,  per  24  hours. 

Where  surface-irrigation  and  not  filtration  is  employed,  the  total  acreage 
required  must  be  relatively  much  greater,  thereby  considerably  increasing  the 
prime  cost  of  the  installation. 

With  regard  to  the  quantity  of  sewage  wliich  can  be  treated  upon  a  unit  area 
of  land,  the  following  are  the  cliief  determining  factors : — (1)  Whether  surface- 
irrigation  or  filtration  is  to  be  followed  ;  (2)  Quahty  and  depth  of  soil  and  sub- 
soil ;  (3)  Whether  or  not  land  is  to  be  cropped ;  (4)  Strength  of  sewage  or  sewage 
liquor  ;  and  (5)  Degree  of  clarification  of  Uquor.  \\1iere  soil  is  suitable  there  is 
less  need  for  prehminary  settling  of  sewage,  before  application  to  the  land  ;  in- 
deed, porous  sandy  or  gravelly  soils  may  treat  crude  sewage  without  detriment, 
although  nuisance  might  arise  from  decomposition  of  surface-deposited  ex- 
cremental  sohds  ;  but  where  soil  is  heavy,  prehminary  settling  is  advisable. 
Peaty  land  is  entirely  imsuited  for  sewage-purification.  Disposal  of  sludge, 
however,  is  easy  in  land  treatment  as  compared  with  treatment  artificially. 
Land  treatment  absorbs  much  of  the  water  which  passes  into  the  soil,  especially 
if  crops  are  grown,  and  this  is  true  even  in  respect  of  svu-f ace-irrigation,  especially 
in  the  summer  months,  or,  indeed,  drier  months  of  the  year.  From  land  treat- 
ment about  60  per  cent,  of  nitrogen  disappears  during  the  process  of  purification, 
the  percentages  being  less  by  artificial-filter  treatment.  AVliile  even  in  land 
treatment  there  must,  dm-ing  the  colder  months  of  the  year,  be  no  inconsiderable 
loss  of  nitrogenous  manurial  matter,  it  is  much  better  utUised  than  in  artificial- 
filter  installations,  where,  as  is  usual,  the  effluents  are  discharged  into  streams. 
This  is  also  true  of  the  phosphates  and  salts  of  potash.  No  proof  was  furnished 
to  the  Commission  of  any  direct  or  wide-spread  injury  to  health  of  persons 
living  on  or  near  sewage  farms  in  the  case  of  well-conducted  sewage  farms. 
This  but  corroborates  the  view  contained  in  the  report  concerning  the  Berlin 
sewage  farm,  which  is  composed  of  39,000  acres  of  sandy  soil,  ■with  a  resident 
population  in  1905  of  over  4000  persons.  With  respect  to  the  danger  of  polluted 
water  from  wells  in  the  neighbourhood  of  sewage  farms,  the  Commission 
indicate  that  it  would  be  imsafe  to  use  water  from  shallow  wells  sunk  in  such 
neighbourhoods  or  to  use  water  for  potable  purposes  from  any  such  f^^'^*"^ 
wells.  Deep  wells  sunk  tlu-ough  an  impermeable  stratiun  would,  doubtless,  be 
quite  safe,  but  wells  svmk  through  fissured  strata  cannot  be  rehed  upon  to  jneld 
safe  water,  no  matter  how  deep  they  be,  while  wells  sunk^in  the  chalk  would  be 
highly  dangerous  in  this  respect.  Copeman's  report  ^  on  an  outbreak  of  enteric 
fever  at  Fulboum  Asylum  shows  that  the  contaminated  water  was  obtainea 
from  such  a  source.  

1  Report,  L.  G.  Board,  1905-190G.    Appendix  A.  No.  6.  pp.  146-169. 
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Disposal  of  Sludge  from  Sewage-Treatment 

I.  By  conversion  into  a  marketable  manure. — Two  processes  for  tliis  purpose 
ono-ugecl  the  attention  of  the  Commission  : — (a)  the  manufactm-e  of  "  native 
guano "  at  Kingston-on-Thames ;  and  (b)  the  manufacture  of  "  Globe 
Fertiliser  "  at  the  Glasgow  Dalmarnock  Sewage  Works.  The  former  is  the 
product  of  the  A.B.C.  process.  Unit  for  unit,  the  nitrogen  and  phosphate  of 
this  product  were  foimd  to  be  less  effective  than  when  appUed  in  ordinary 
artificial  manm-es.  The  latter  is  the  product  of  the  sewage  after  treatment  by 
hme  and  ferric  sulphate,  filter-pressing,  and  drying  and  grinding.  The  total 
yield  of  nitrogen  per  cent,  in  this  product,  as  found  by  the  Commission,  was 
1-30  per  cent. ;  in  our  anal3'ses  (see  p.  278),  it  was  1-9  per  cent. ;  and  the  figure 
for  phosphoric  acid  corresponds  closely  with  om'  own. 

II.  By  Deposition  in  the  Sea. — London  discharges  its  sludge  in  the  Barrow 
Deep,  20  nules  below  Southend,  Glasgow  in  the  Firth  of  Clyde,  about  3  miles 
below  the  Garroch  Head,  and  Manchester  and  Salford  in  deep  water  outside 
the  North-west  lightship,  about  25  miles  north-west  of  Liverpool.  South- 
ampton sends  its  sludge  by  barge  by  way  of  Spithead  to  the  sea  about  3  miles 
from  land. 

ni.  Pressing  of  Sludge. — Many  sewage  authorities  adopt  this  plan,  which 
renders  the  sludge  more  easily  handled.  The  pressed  cake  is  either  sold  or 
given  free  to  farmers,  or  is  tipped  or  buried. 

IV.  By  Lagooning. — This  consists  in  simply  filhng  an  earth  tank  of 
varying  depth,  having  a  bottom  layer  of  clinker,  with  wet  sludge,  and 
allowing  the  incorporated  hquid  to  disappear  partly  by  evaporation  and 
partly  by  draining.  When  the  soUds  are  sufficiently  dried,  they  are  put  on 
waste  land. 

V.  By  Covering  flat  ploughed  land. — The  sludge  is  simply  flooded  on  the  land 
to  a  depth  of  a  few  iaches.  This  has  been  done  with  success  in  the  Birmingham 
works. 

VI.  By  Burning. — Most  of  the  attempts  to  burn  sludge  after  admixture  with 
some  combustible  material  have  proved  unsuccessful. 

VII.  Extraction  of  Substances  from  Sludge. — Bradford  extracts  the  grease 
from  the  sludge  to  s^ich  purpose  that  the  sale  of  the  products  now  more  than 
meets  the  working  expenses  of  the  tank  treatment  of  the  sewage.  Owing  to 
the  wool-scouring  products  in  the  sludge,  such  a  process  is  feasible. 

VIII.  Destructive  Distillation. — As  yet  this  process  is  largely  experimental. 
From  the  sludge  such  products  as  oil  and  sulphate  of  ammonia  are  obtained. 
From  the  sludge  of  the  town  of  Bmy,  for  example,  37  gallons  of  oil,  and  124  lbs 
of  ammonium  sulphate  per  ton  of  dried  sludge  were  obtained. 

Effluent  Standards. — -The  tests  for  sewage-effluents  in  relation  to  standards 
have  been  based,  first,  on  the  amoimt  of  contained  solids  in  suspension,  and 
second,  on  the  rate  at  which  the  effluent,  after  removal  of  suspended  solids, 
takes  up  oxygen  from  water. 

The  Commission  state  provisionally  for  the  guidance  of  Local  Authorities 
tliat  an  effluent  which  complied  with  the  following  conditions  would  be  satis- 
factory : — 

1.  That  it  should  not  contain  more  than  3  parts  per  100,000  of  suspended 

matter  ; 

2.  That,  after  filtration  through  filter-paper,  it  should  not  absorb  more 

than — 

(a)  0-5  part  by  weight  per  100,000  of  dissolved  or  atmospheric  oxygen 
in  24  hours  ; 

(6)  1-0  part  by  weight  per  100,000  of  dissolved  or  atmospheric  oxygen  in 
48  hours  ;  or 

(c)  1-5  parts  by  weight  per  100,000  of  dissolved  or  atmospheric  oxygen  in 
5  days. 

It  will  be  observed  that  the  method  of  estimating  the  oxygen  absorbed  in  a 
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given  time  is  based  upon  a  natural,  and  not  a  laboratory  process,  and  tlie  methotl 
suggested  on  p.  15  of  this  Report  is  summarily  as  follows  : — 

(o)  Dilute  tiie  sewage  largely  witli  good  tap-water  ;  estimate  the  oxygen  iji 
solution  in  an  alic|uot  portioji  of  the  mixture  ;  allow  tli<i  remainder  tc 
stand  in  a  bottle  whieh  has  been  completely  filled  and  in  whir-ii  ace«>- 
of  air  has  been  cut  off.  At  the  end  of  24  hours,  or  48  hours,  or  live  day  . 
ai  the  caie  may  be,  make  another  estimation  of  the  contained  oxygen 
in  a  similar  aliquot  portion,  and  if  there  be  any  diminution  in 
amount,  the  difference  will  represent  the  amount  of  oxygen  taken 
up  by  the  organic  matter  of  the  sewage  ;  or 
(6)  Continuously  aerate  the  sewage,  without  dilution  or  with  slight 
dilution  with  good  tap-water,  in  a  bottle  containing  a  measured 
excess  of  air. 

For  complete  oxidation  of  sewage  by  the  former  method,  a  considerable 
time,  two  months  or  longer,  is  needed,  but  by  a  process  invented  by  Dr  Adent  \ 
(see  p.  438,  appendix  vi.  of  Fifth  Report)  the  time  is  much  shortened  and  th. 
amoimt  of  oxygen  readily  measvu-ed. 

Adeney's  Method  and  Apparatus  for  Estimation  of  Oxygen  absorbed  in 
Polluted  Waters  are  as  follow  : — 

The  bottles  A  and  B  in  Fig  109,  are  two  flat  and  shallow  bottles  of  equal 
capacity.    Each  is  fitted  with  a  cork  previously  soaked  in  melted  paraffin. 

The  cork  in  A  is  bored  with  two  holes, 
one  for  a  bent  tube  in  which  is  a  stop- 
cock Oo,  the  bottle  end  of  the  tube  beinj 
cut  off  flush  with  the  lower  edge  of  the 
cork.  Tlirough  the  other  hole  is  passed 
a  tube  with  capillary  bore  which  ends 
nearly  at  the  bottom  of  the  bottle,  and 
above  the  cork  is  continued  into  a  tu1>e 
of  ordinary  bore  wliich  is  graduated 
in  i^ths  c.c.  Above  the  graduated 
portion  the  tube  is  enlarged  into  a  bulb 
Oj,  and  is  then  bent  on  itself  imtil  it 
passes  tlurough  one  of  the  holes  in  bottle 
B  where  it  stops.  On  the  downward 
portion  of  this  tube  is  a  stopcock  6j.  Tlu 
cork  of  bottle  B  has  likewise  two  hole- 
tlirough  one  of  which  is  passed  the  tuli< 
just  described,  and  through  the  other 
a  capillary  tube  which  is  bent  at  right 
angles,  the  free  end  above  the  cork 
bearing  a  stopcock  b^,  and  the  other  end 
stopping  close  to  the  bottom  of  the  bottle. 
F,n.  109.  Modus  operandi. — Partially  fill  bottle 

B  with  a  knowai  vohune  of  the  polluted 
water  to  be  examined,  to  which  has  been  pre\dously  added  a  small  amouni 
of  magnesium  dioxide  to  fix  any  free  COj.  Into  bottle  A  put  a  similar 
volume  of  distilled  water.  The  fluids  in  the  bottles  .should  be  of  the  same  rooni- 
ternperature.  The  two  bottles  being  alike  in  capacity,  and  the  \-olunie  of  added 
fluid  being  the  same,  the  volume  of  air  space  above  the  fluid  level  in  each  will 
also  be  identical.  Take  out  plug  of  stop-cock  6j,  close  .stopcock  Bj,  and  open 
stopcock  62-  Place  corks  and  fitting?  into  their  respective  bottles,  and  lft>" 
apparatus  aside  for  a  little  time  so  that  the  whole  may  acquire  the  temperature 
of  the  laboratorj'.  Note  temperature  of  laboratory  and  height  of  barometer. 
The  effect  of  stop-cock  being  closed  at  moment  of  fitting  corks,  etc..  int'' 
bottles  A  and  B  is  to  cause  the  water  in  bottle  A  to  rise  into  and  through  the 
capillary  tube  a  to  a  point  above  the  zero-mark  of  the  graduat<?d  part  of  the 
tube  above  it.    To  bring  back  the  water-level  to  the  zero-point  open  cautiously 
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stopcock  a„,  and  then  close  it.  Keep  stopcock  closed.  Replace  plug  of 
stop-cock  b^. 

The  pressure  in  bottle  B  will  now  be  that  of  the  atmosphere,  and  in  bottle  A 
will  be  that  of  the  atmospliere  plus  the  pressure  due  to  the  column  of  water  in 
the  capillary  tube  a,  less  the  height  to  wliich  the  water  had  risen  in  it  owing  to 
capillary  action. 

If  the  water  be  much  polluted,  the  apparatus  is  put  into  a  mechanical  shaker 
and  thus  the  contents  of  both  bottles  are  kept  in  gentle  commotion.  If,  how- 
ever, the  water  be  weakly  polluted,  it  is  enough  that  the  contents  of  the  bottles 
bo  given  an  occasional  shake  witli  the  hands.  Apparatvis  should  be  kept  at 
temperatm-o  60°-65°  F. 

The  principle  of  the  apparatus  depends  on  the  fact  that  the  atmosphere 
of  the  bottle  A  remains  practically  imchanged  in  composition  during  the  time 
of  experiment,  and  hence  acts  as  a  standard-pressure  bottle.  As  the  oxygen  is 
absorbed  from  the  air  in  the  bottle  B,  the  pressvu-e  of  the  atmosphere  in  it  will 
be  reduced  in  direct  proportion  to  the  loss  of  oxygen,  since  the  magnesium 
hydroxide  fixes  any  free  CO.,.  Therefore  if  the  stopcock  is  opened,  the  water 
will  rise  in  the  tube  aa  above  the  zero-line  in  proportion  to  the  loss  of  pressure 
in  the  bottle  B.  This  height  above  the  zero-mark  gives,  therefore,  a  means  of 
calculating  the  volume  of  oxygen  absorbed  by  the  polluted  water  in  the  bottle 
B  dm-ing  the  time  of  the  observation  thus  : — 

Let  v  —  vohune  of  oxygen  absorbed  from  air  in  B,  at  initial  temperatme  and 
pressm'e  ; 

V  :  volimae  of  the  air  in  ^4  or  B  at  comjnencement  of  observation  ; 

V  =  volume  of  water  that  rises  above  zero  of  scale  of  tube  aa  ; 

p  =  height  of  water  in  capillary  tube  a  above  the  level  it  assumes  by 
capillary  action  ; 

p"  =  height  of  water  in  greiduated  tube  above  zero-mark  on  the  scale  ; 
p  =  p'  +  p". 

—  Pressiu-e  of  air  in  B  at  commencement  in  terms  of  the  water 
barometer.    The  pressm'e  in  A  at  commencement  will  be  P+p. 

Then  v-  =  2v+?.  V-^  (V- v). 

V  P  

Since  v  is  generally  small  in  comparison  with  V  it  may  be  neglected  except 
where  the  utmost  accm-acy  is  desired.    The  equation  then  becomes — 

w'  =  2?;  +  -  V. 
P 

The  reason  for  adjusting  the  level  of  the  water  in  the  tvibe  aa  to  the  zero-scale 
at  the  beginning  of  the  experiment  is  that,  if  it  were  not  done,  absorption  of 
oxygen  woidd  take  place  from  the  air  of  bottle  B  before  the  water  in  the  tube 
aa  rose  to  the  graduated  portion. 

The  dimensions  of  the  apparatus,  according  to  Adeney,  require  to  bo  varied 
as  is  the  object  desii'ed  by  the  experiment,  as,  for  example,  (1)  to  control  pollu- 
tion of  waterways  relative  to  fish  life  or  to  the  interests  of  public  health,  (2)  to 
determine  the  quaUty  of  an  efftiiont,  or  (3)  to  determine  the  quality  of  raw 
sewage  or  of  tank  liquor. 

Where  crude  sewage  or  even  a  strong  tank  liquor  is  to  be  examined,  it 
ought  to  bo  diluted  to  five  or  ten  times  it-s.  volume  with  tap- water  before  it  is 
placed  in  B,  since  such  dilution  prevents  the  evolution  of  nitrogen  which  might 
otherwise  occur,  crude  sewage  being  generally  sviper-saturated  by  free  nitrogen. 
For  determinations  of  small  amounts  of  absorbed  oxygen,  as  for  the  purpose  of 
(1)  above,  the  bottles  A  and  B  ought  to  have  each  a  capacity  of  1200  c.c,  so 
that  1000  c.c.  of  the  polluted  water  may  be  used  and  200  c.c.  of  an  air-space  bo 
left.  The  graduated  part  of  the  tube  aa  should  have  a  capacity  of  3  c.c.  and  its 
divisions  should  give  readings  of  -\jth  c.c,  hence  the  tube  ought  to  bo  112  mm. 
long,  and  of  5-.5  mm.  bore,  and  tbo  volume  of  the  bulb  a,,  about  1  c.c.  For 
determinations  as  in  (2)  above,  the  bottle-capacities  should  be  increased  to 
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1500  CO.,  using  1000  c.c.  of  tho  sample  und  leaving  500  c.e.  of  air-space,  tli. 
graduated  tube  should  have  a  total  voluxne  of  5  c.c,  and  hence  should  be  aboui 
186  mm.  long  with  5-5  nun.  bore,  tho  volume  of  the  bulb  being  5  c.c. ;  and 
for  determinations  as  in  (3)  above,  the  bottle-capacities  should  be  the  same  as  in 
experiments  for  (2)  but  the  graduated  tube  sliould  have  a  total  capacity  (  i 
10  c.c,  being  therefore  about  225  mm.  long  and  of  7  mm.  bore,  the  bulb  liaving 
a  capacity  of  10  c.c. 

Adeney  advises  that  the  bottles  to  be  used  should  be  as  shallow  as  possibli  . 
and  the  capillary  portion  of  tho  tube  aa  as  short  as  possible.  He  claims  foi 
tho  apparatus,  when  properly  manipulated,  accui-ate  results  with  a  minimuiji 
expenditm-e  of  time  and  labour.^ 

Theadvantage  of  the  dissolved-oxygen  test, according  to  the  Commissioner-, 
is  that  it  is  a  biological  process.    It  diffei'S  from  the  process  of  oxygen  absorbed 
from  permanganate  in  that  "  it  takes  accoimt  of  the  whole  of  the  organic  mattoi 
and  not  merely  that  of  a  particular  kind."  The  final  determination  of  standar^l 
has,  however,  been  deferred  meantime. 

Pollution  of  Estuaries  and  Tidal  Waters. — Although  the  Commission  ha- 
not  laid  down  any  fixed  rules  regarding  standard  of  eflfluent  permissible  for 
tidal  waters,  they  are  of  opinion  that  in  certain  circumstances  sewage  should  bi 
purified  before  it  is  discharged  therein,  and  that  the  Rivers  Board  should  ha\  ( 
power,subject  to  appeal  to  the  Central  Authority,  to  call  upon  a  LocalAuthority 
to  adopt  some  standard  of  purification  where  purification  is  necessary'. 

VI.  Sixth  Report,  1909.i 

This  Report  deals  exclusively  with  the  disposal  of  liquid  refuse  from 
distilleries.  This  Hquid  waste  consists  of  the  residual  hquids,  all  more  or  le>-- 
polluting,  from  the  following  distillery-processes  : — (1)  the  steeping  of  barley 
for  melting  purposes  ;  (2)  wash-water  from  washing  of  mash-tun,-  tun-room, 
and  fermentation- vessels,  in  which  last  there  is  usually  a  good  deal  of  liiue 
with  soluble  and  insoluble  organic  matter,  as  yeast  cells  ;  (3)  "  pot-ale  "  or 
"  bvu-nt  ale,"  the  product  which  remaias  in.  the  still  after  the  operation  of 
distillation  of  the  wash  is  finished  ;  (4)  "  spent  lees,"  the  product  remaioing 
after  distilling  the  "  low  wines  "  in  the  second  still ;  and  (5)  the  wash- water 
used  in  washiag  out  the  apparatus  used  in  the  distillery  and  distiUing-room?. 

These  vary  in  their  polluting  qualities.  Pot-ale  may  be  regarded  as  about 
40  times  as  strong  as  ordinary  sewage,  and  the  steep-water  in  barley-melting  a- 
from  3  to  20  times  as  strong.  Spent  lees  are  much  weaker  than  these,  and 
wash-waters,  perhaps,  the  weakest  of  them  all. 

The  conclusions  arrived  at  by  the  Commissioners,  after  observation  and 
experiments,  were  as  follow  : — 

1.  That  it  is  practicable  to  treat  distillery  waste  liquors  either  on  land  or  on 

filters  so  as  to  produce  a  satisfactory  effluent ; 

2.  That  percolating  filters  are  more  efficient  than  contact-beds,,  but  thai 

before  subjecting  the  products  to  tliis  process  they  should  be  largel> 
diluted  and  treated  with  lime  ; 

3.  That  it  is  practicable  to  destroy  pot-ale  by  heat,  and  also  practicable  to 

evaporate  it  and  produce  a  valuable  manm-e  ; 

4.  That  in  sewered  towns,  the  Uquid  waste-products  from  distilleries  shoukl 

be  allowed  to  enter  the  sewers,  subject  to  regulations  and  safeguards 
as  recommended  in  the  Third  Report ; 

5.  That  subject  to  the  determination  of  the  Central  Authority,  who  shall 

finally  fix  standards,  the  Commission  consider  an  effluent  to  bo  satis- 
factory wliich  compUed  with  the  following  conditions  : 

(1)  Did  not  contain  more  than  3  parts  per  100,000  of  suspended  matter  : 

(2)  Was  non-putrescible  on  incubation  ;  and 

(3)  Did  not  absorb,  after  filtration  through  filter-paper,  more  than  1 
parts  by  weight  per  100,000  of  dissolved  or  atmospheric  oxygen  in 
5  days.  

1  Sewage  Commission.    Sixth  Report,  Appendix,  p.  433.    Cd,  4511,  1909. 
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The  forogoing  thoy  cousider  to  be  quite  a  practicable  standard  of  purifica- 
tion, bnt  they  tliink  that  in  manj'  cases  a  lower  standard  would  be  sufficient. 

In  considering  the  modes  of  disposal  of  these  products,  the  Commission  had 
in  mind  the  fact  that,  owing  to  the  situation  of  many  distilleries,  not  a  few  of 
them  discharged  their  effluents  eitlier  directly  into  sabnon  rivers,  or  into 
tributaries  of  such  rivers.  The  question  of  the  welfare  of  fish  came,  therefore, 
under  thou-  pm-view.  They  accordingly  niade  experiments  at  Colebum  with 
ti'eated  effluents  on  the  hatcliing  of  sabnon  ova,  and  the  development  of  young 
fish. 

The  pm-ification-plant  at  this  distillery  consists  of  percolating  filters  on 
which  the  tank  liquor  is  fed  by  an  intermittent  revolving  sprinkler.  The  pro- 
cess consists  of  mixing  all  the  waste  liquids,  diluting  the  mixtm'e  with  water, 
imd  pi'ecipitating  the  solids  with  milk  of  lime  in  a  tank,  the  volume  of  the  mixed 
liciuid  being  ultimately  ten,  and  latterly  five  times  the  volume  of  the  original 
pot-ale.  The  tank  Uquor  thus  produced  is  sprinkled  over  a  percolating  filter 
24  feet  in  diameter  and  12  feet  deep,  filled  with  good  coke  in  pieces  of  sizes 
varying  from  one  inch  to  tlu'ee  inches  in  diameter.  The  filtrate  was  then 
passed  tln-ough  shallow  sand  and  gi-avel  filters,  one-inch  tliick  layer  of  sand 
above  and  tlu-ee  inches  of  gravel  beneath,  the  object  being  the  removal  of  svis- 
pended  matter.  The  resulting  effluent  contained  less  than  one  part  of  sus- 
pended soUds  per  100,000,  alkaUnity  (as  CaO)  12  50,  dissolved  oxygen  at  27°  C, 
in  five  days,  0-74,  ammoniacal  nitrogen,  0-03,  albmninoid  nitrogen,  0-14,  total 
organic  nitrogen,  0-30,  nitrous  nitrogen,  0-01,  nitric  nitrogen,  0-66,  total  nitrogen, 
1-13.  The  fish  and  hatching  experiments  were  carried  out  in  fom"  sets  of  tanks, 
through  the  fu-st  pair  being  passed  the  natm-al  effliient,  through  the  second 
40  per  cent,  of  effluent  and  60  per  cent,  of  water,  through  the  third,  a  mixtm-e 
of  4  per  cent,  of  effluent  and  96  per  cent,  of  water,  and  through  the  fom-th  pan* 
water  only,  as  a  control.  In  all  the  tanks  the  fish  developed  well,  especially  in 
the  first  and  second,  and  in  all  the  tanks  the  hatching  of  the  ova  was  quite 
successful ;  thus  proving  that  the  effluent  had  no  inimical  effect  on  either  ova 
or  fish. 

Refuse  Disposal  and  Conservancy  Methods 

Notwithstanding  the  existence  of  a  water-borne  system  of  sewerage 
in  a  populous  place,  the  solid  refuse  from  houses,  shops,  streets,  etc., 
remains  to  be  disposed  of.  The  frequent  periodic  removal  of  solid  refuse 
of  whatever  kind,  but  chiefly  from  households  (although  it  may  include 
organic  debris  from  shops,  etc.),  is  technically  called  scavenging.  The 
system,  existing  in  some  populous  places,  in  which  from  such  refuse 
materials  are  rescued  which  may  be  put  to  use,  or  which,  after  prepara- 
tion, may  be  sold,  is  spoken  of  as  a  conservancy  system.  In  smaller 
populous  places,  the  disposal  of  refuse  remains  either  in  the  hands  of  the 
Local  Authorities,  or  is  let  to  a  contractor.  In  either  case,  it  is  a  common 
practice  to  collect  the  refuse,  which  is  of  the  most  miscellaneous  character, 
at  a  dumping-ground  in  the  vicinity  of  the  town,  where  the  combustible 
jnaterial  is  burned  in  the  open,  the  contents  of  privy-middens  and 
stable  litter  being  sold  for  agricultm-al  purposes.  Such  a  practice  of 
dumping  refuse  is  objectionable  from  the  point  of  view  not  only  of  the 
amenity  of  the  neighbourhood,  but  also  from  the  existence  of  foul  odours 
which  proceed  from  such  depots.  Especially  is  this  the  result  where, 
m  addition,  slaughter-house  ofEal  is  deposited,  not  to  speak  of  the  plague 
of  rats  attracted  to  the  neighbourhood.  In  many  of  the  older  populous 
places,  where  different  methods  of  refuse-collection  have  been  in  opera- 
tion at  different  periods,  the  contents  of  privy-middens,  ash-bins,  etc., 
require  to  be  collected.    The  problem  is  solved  by  the  Local  Authorities 
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cliar<jing  tlicinselvcs  with  tlie  duty  of  collection  at  short  intervals  of 
time.  By  the  establishment  of  municipal  depots,  to  which  the  refuse 
is  carted  on  collection,  the  manurial  products  are  separately  sold  for 
agricultural  purposes,  all  other  debris  which  has  a  marketable  value,  as 


1- 

z 

UJ 

< 

d: 

a. 

o 

u 

o 

I 

o 

u 

z 

C/J 

z 

EA 

lit 

o 

_j 

u 

UJ 

CA 

^ 

u. 

o 

U 

o 

tr 

V) 

< 

_l 

o 

bottles,  solder  of  tinned  vessels,  scrap  iron,  etc.,  is  sold,  and  the  remainder 
is  disposed  of  by  cremation  in  furnaces.  In  this  way,  hundreds  of 
thousands  of  tons  of  refuse  are  got  rid  of  yearly.  Even  the  clinker  which 
remains  in  the  destructors  has  a  nuirketable  value.  When  broken  by 
a  mechanical  crusher  and  sorted  into  grades,  it  commands  a  ready  sale 


SEWAGE  DISPOSAL  AND  PURIFICATION  305 


for  concrete-makiug,  and  for  contact-beds  in  sewage-works.  Moreover, 
^ucli  works  can  be  carried  on  at  comparatively  small  expenditure,  since 
ill  the  heating  power  necessary  for  steam-raising  and  electric  Lighting  in 
:he  works  is  obtained  fi'om  the  cinders  and  unburnt  coal  from  the  ash-pit 
refuse.    Most  large  populous  centres  are  now  provided  with,  or  are  now 
'  iistituting,  these  crematory  furnaces  or  destructors  ;  indeed,  up  to  the 
•ud  of  1900,  about  100  communities  in  Great  Britain  were  employing 
iucineration  as  the  chief  mode  of  refuse  disposal.    These  destructors  may 
le  divided  into  two  kinds,  viz.  :  (1)  Natural-draught,  and  (2)  Forced- 
.'i-  Ai'tificial-draught.    Experience  indicates  that  the  latter  are  the  best, 
.the  forced  draught  being  obtained  by  steam-jet  blowers.    The  main 
flue  from  these  ought  to  be  connected  with  a  chimney  of  not  less  than 
180  or  more  feet  in  height.    Such  works  have  now  been  carried  to  a 
high  degree  of  perfection.    By  suitable  planning,  the  different  parts  of  the 
works  are  arranged  on  different  levels  to  afford  the  greatest  facility  for 
working.    By  means  of  a  roadway,  the  refuse  is  carted  to  the  highest 
level.    The  semi-hquid  or  pasty  mud  from  the  streets  is  dumped  into 
pits  to  permit  of  the  draining  away  of  the  excess  of  water,  after  which 
ithe  solid  mud — manurial  of  itself — is  fiirther  mixed  with  the  fsecal 
contents  of  privy  pans  to  form  agricultural  manure.    Stable  litter  is 
imilarly  disposed  of.    Ordinary  house-refuse  from  ash-bins  and  ash- 
pits is  passed  into  a  shoot,  at  the  bottom  of  which  is  an  endless  travelling 
belt,  by  which  the  ashes  and  other  material  too  large  to  be  screened  by 
a  rotatory  circular  screen,  is  passed  on  to  the  incinerators.  During 
heir  passage  along  this  belt,  marketable  products  are  picked  off  by 
and,  for  subsequent  treatment  and  disposal.    In  the  process  of  in- 
ineration  to  which  all  that  now  passes  by  the  endless  belt  is  subjected, 
't  is  important  that  fine  dust  should  be  got  rid  of,  as  it  tends  to  form  into 
a  cake  and  thus  hinders  combustion.    This  is  got  rid  of  by  the  above 
"otatory  screen.    The  incinerating  furnaces  are  fed  from  the  top  with  the 
aterial  described,  and  are  capable  of  reducing  the  weight  of  the  refuse 
fco  30  per  cent,  of  the  original  weight.    The  substance  left  in  the  furnaces 
8  a  mass  of  slag-like  clinker,  which  when  broken  up  by  a  machine  into 
;iifferent-sized  pieces  is  used  for  pavement-  and  road-making,  or  when 
^ound  into  fine  powder  by  another  machine  and  mixed  with  lime,  forms 
i.xcellent  mortar  for  building  purposes.    Enormous  heat  is  generated 
these  incinerators,  temperatiu'es  of  1500^''  F.  and  upward  being  the 
e.    When  such  can  be  utilised  for  steam  raising,  enormous  heating 
.ower  is  obtained.    Provision  is  usually  made  in  these  works  for  the 
"onsumption  of  the  smoke  and  fumes  from  the  incinerating  operations, 
py  passing  them  over  the  fire  and  heat  of  the  furnaces  to  branch  flues 
•hich  communicate  with  the  main  flue.    The  chimney  by  which  the 
roducts  of  combiLstion  are  carried  off,  is  usually  about  150  to  180  feet 
n  height.    In  this  way,  then,  is  the  refuse  of  large  populous  centres  got 
"d  of  safely  and  expeditiously,  and  on  the  whole,  economically.  In- 
itead,  however,  of  disposing  of  all  ash-pit  refuse  in  this  way,  the 
Jorporation  of  Glasgow  leased  a  tract  of  useless  peat-bog  for  the 
ourpose  of  putting  down  thereupon  the  manurial  street  sweepings,  etc. 
n  a  few  years  the  whole  tract  was  reclaimed  and  converted  into 
ood  arable  land,  from  Avhich  excellent  crops  have  for  years  been 
btained.     This  experiment  at  Fulwood,  near  Johnstone,  is  being 
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repeated  on  a  like  tract  of  land  about  fifteen  miles  to  the  nortk-east  of 
tlie  city. 

The  privy-midden  system  in  populous  centres  is  contrary  to  good 
sanitation.  It  has  been  recognised  that  such  places  as  adjuncts  to 
dw  ellings  are  at  least  malodorous,  not  to  speak  of  their  being  a  positive 
danger  to  health  when  decomposition  develops,  which  happens  (juickly. 
The  privy,  therefore,  should  give  place  to  the  water-closet,  and  the 
midden  or  asli-pit  to  the  ash-bin.  There  cannot  be  any  doubt  that 
expeditious  removal  of  the  contents  of  these  to  the  sewer  and  to  the 
incinerator  respectively  is  more  conducive  to  the  public  health  than  the 
present  practice.  Offal  from  slaughter-houses,  from  fish-  and  other 
shops,  like  the  ash-bin  refuse  ought  to  be  removed  daily,  and  may  be 

economically  disposed 
of  after  suitable  treat- 
ment as  manure. 
Street  cleanliness 
ought  to  be  a  feature 
of  populous  centres. 
By  means  of  street 
orderlies  in  busy 
streets  or  centres, 
horse  and  other  drop- 
pings should  be  swept 
up  and  placed  in  small 
receptacles  sunk  in 
the  edge  of  the  road- 
way, which  should  be 
emptied  daily.  Streets 
ought  not  to  be  swept 
when  dry  on  account 
of  the  enormous  clouds 
of  dust  containing 
pathogenic  organisms, 
which,  doubtless,  are 
raised,  as  some  of  the 
dust  finds  its  way  into 
the  nearest  inhabited 
dwelHngs.  To  save  the  double  labour  of  watering  first  and  mechanical 
sweeping  afterwards,  Cdasgow  has  adopted  the  plan  of  washing  the 
streets  during  the  night  by  means  of  hose-pipes.  This  will  in  all  likch- 
hood  effect  a  large'improvcment,  and  so  far  as  the  experinient  has 
gone  it  has  done  this,  but  the  binding  material  of  the  granite  setts 
is  being  also  washed  away.  What  the  result  will  be  upon  the  deposition 
of  solids  in  the  sewers  it  is  impossible  yet  to  say,  but  it  is  not  too  inucfl 
to  predict  that  there  is  likely  to  be  increase  of  sediment  in  certain  sewers 
owing  to  the  increased  amount  of  heavy  solid  matter  which  is  thus 
being  thrown  into  them  in  a  state  of  temporary  suspension.  Moreover, 
to  clean  the  streets  by  this  method  requires  more  water  than  most 
populous  centres  can  always  afford,  or  than  some  others  can  well  spare 
even  at  any  time.  . , 

In  the  absence  of  a  water-carriage  system,  excreta  must  be  got  na 


Fia.  111.  —  Moule's  Earth  -  Closet.  Introduced  by  the  Bev. 
Mr  Moule.  The  supply  of  earth  is  contained  in  the  hopper 
seen  at  the  back,  and  the  necessary  amount  of  dry  earth 
may  be  projected  into  the  i)ail  by  pulling  the  handle  to  the 
left  of  the  ilgure. 
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of  in  another  way.  The  most  primitive  method  is  the  privy-midden 
system,  wherein  the  first-named  convenience  constitutes  a  part  of  the 
.second,  in  respect  that  the  discharges  deposited  in  the  one  are  allowed 
ro  mix  with  the  ashes,  food  debris,  etc.,  of  the  other.  They  are,  how- 
ever, foul-smelling  receptacles,  and  should  not  be  tolerated  in  populous 
places.  In  circumstances  Avhere  some  arrangement  of  this  kind  cannot 
be  avoided,  the  two  conveniences  ought  to  be  separated  in  the  sense 
that  the  contents  of  each  are  removed  separately ;  those  of  the  privy 
by  pans,  which  when  removed  more  or  less  full  under  air-tight  covers 
;ire  replaced  by  empty  and  cleaned  pans,  and  those  of  the  ash-pit  or 
midden,  in  the  night  by  scavengers,  and  at  short  intervals  of  days.  The 
ash-pit  should  not  be  permitted  in  a  populous  place  to  be  placed  nearer 
to  any  dwelling-house  or  occu- 
pied apartment  than  twelve 
ieet.  It  should  be  roofed  over 
TO  prevent  contents  becoming 
-odden  by  rain,  and  thus  so 
far  to  liinder  putrefaction  ;  it 
should  have  an  impervious 
;ioor  to  prevent  soakage  of  sub- 
soil with  putrescent  liquids ; 
and  it  should  not  be  com- 
modious, so  as  to  compel  fre- 
quent removal  of  contents. 

Earth  -  Closets.  —  However 
much  better  earth  -  closets 
would  be  than  the  pan-system 
liist  mentioned,  their  use  is 
I  ire  vented  in  towns  because  of 
■lie  difficulties  of  procuring 
•asily  or  cheaply  the  earth 
necessary  for  their  usage.  At 
the  same  time,  they  have  a 
listiuct  field  of  usefulness ;  as, 
!or  example,  in  connection  with 
'solatfd  houses,  mansions,  and 
-mailer  institutions,  or  in  such  circumstances  as  those  in  which  a 
gravitation  supply  of  water  cannot  be  obtained  at  all,  or  onlv  at 
'inreasonable  cost.  The  credit  of  the  instittition  of  the  ca7:th-cioset 
!-5  due  to  the  Rev.  E.  Moule.  Not  only  does  the  use  of  earth  exercise 
'  deodorant  effect  upon  excreta,  but  dry  decomposition  without  putre- 
lactive  odour  is  produced  so  long  as  the  earth  is  dry;  and  if  the  iinxed 
•arth  and  excreta  are  further  dried,  the  mixture  may  be  used  over  and 
over  again  to  form  ultimately  a  valuable  manure.  The  best  kind  of  earth 
fo  use  is  comparatively  dry  garden  or  field  humus.  Sand  or  clay  are 
i'luch  le.ss  sei-viceable,  the  former  because  of  the  want  of  deodorant 
i>roperties,  the  latter  because  of  its  stiff,  unmixablc  character. 

Liernur's  System. — This  system,  which  has  been  adopted  in  some 
populous  places  in  Holland  and  in  Trouville,  France,  requires  two  difler- 
•  nt  set  of  channels  to  be  constructed — viz.  one  set  for  the  convection  of 
tonn-water,  the  other  for  household  excreta.    The  motive  power  for 


Fio.  112.— The  Earth-Closet.  British  Sanitary  Com- 
jiany's  Model.  The  earth  is  introduced  into  the 
pail  or  receiver  by  the  mechanical  action  ol'  a 
lever  which  is  set  in  operation  by  the  user. 
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conveying  the  excreta  from  liouses  is  compressed  air.  'i'he  excn-in  . 
each  house  find  its  way  into  a  tank,  and  these  tanks  are  connected  1. 
means  of  pipes  with  the  central  air-compressing  machinery,  by  meai 
of  wliich  the  contents  are  periodically  drawn  to  the  works  owing  to  tl 
vacuum  produced  in  the  pipes.  At  the  works,  the  excretal  compouii 
is  reduced  by  boiling  and  evaporation  to  a  dried  condition  called  foudreV 
This  is  a  valuable  manure  estimated  in  value  at  from  £4  to  £5  per  to: 
In  the  installation  at  Trouville,  which  has  to  deal  with  the  night-soil  ai 
other  household  liquids  of  20,000  persons  during  the  season  (Trouvi! 
being  a  watering-place),  it  is  expected  that  from  the  dried  mariuie  pi. 
duced  an  income  will  be  derived  largely  to  meet,  if  not  indeed  fully  i 
cover,  the  working  expenses. 

Allied  to  the  subject  of  Sewage  Disposal  is  that  of  River  Pollutioi 
The  Acts  of  Parliament  which  deal  with  the  prevention  of  pollutii 
of  rivers  are — 

1.  Rivers  Pollution  (Prevention)  Act,  1876  (39  and  -10  Vict.  cap.  To 

2.  Rivers  Pollution  (Prevention)  Act,  1893  (56  and  57  Vict.  cap.  31 
I.  The  Rivers  Pollution  (Prevention)  Act,  1876,  was  the  outcon 

of  the  Reports  of  the  Royal  Commission  on  Pollution  of  Rivers.  1 
main  enactments  are  as  follow  :  — 
1.  Prohibitory  Sections. 

No  person  shall  put  or  cause  to  be  put  or  to  fall,  or  shall  unwittingly  or  kno-. 
ingly  permit  to  be  put  or  to^fall  or  to  be  carried  into  any  stream,  so  as  to  int« 
fere  with  its  due  flow,  or  to  pollute  its  waters — 

(a)  The  soUd  refuse  of  any  mamxfactory,  manufacturing  process,  or  quan 
cr  any  rubbish  or  cinders,  or  any  other  waste,  or  any  putrid  s^A 
matter  ; 

(6)  Any  solid  or  liquid  sewage-matter  (imless  he  shows  to  the  satisfaction 
the  Coiu-t  that  he  is  vising  the  best  practicable  and  available  means  ; 
render  such  sewage-matter  harmless)  ; 
(c)  Any  poisonous,  noxious,  or  polluting  liquid  proceeding  from  £^ny  factn: 

or  manufacturing  process  ;  and 
{d)  Any  soUd  matter  from  any  mine  in  such  quantities  as  to  prejudicial 
interfere  with  its  due  flow,  or  any  poisonous,  noxious,  or  polluting 
solid  or  liquid  matter  proceeding  from  any  mine,  other  than  wate\ 
drained  or  raised  from  the  mine  (imless,  etc.,  as  in  b). 
To  make  further  provision  for  the  prevention  of  the  pollution  of  rivers  and 
in  particular  to  prevent  the  establishment  of  new  soiu-ces  of  pollution.  I 
Proceedings  shall  not  be  taken  against  any  person  imder  this  part  0^*1 
Act,  save  by  a  Sanitary  Authority,  nor  shall  any  such  proceedings  be  taken,  wifr 
out  the  consent  of  the  Local  Government  Board  ;  provided  always  that  if  t 
Sanitary  Authority,  on  the  application  of  any  person  interested  alleging; 
offence  to  have  been  committed,  shall  refuse  to  take  proceedings  or  to  »W 
for  the  consent  by  this  section  provided,  the  person  so  interested  may  ^PP*^. 
the  Local  Government  Board,  and  if  that  Board  on  inquiry  is  of  opinion  W»| 
the  Sanitary  Authority  should  take  proceedings,  they  may  direct  the  Sanitar^ 
Authority  accordingly,  who  shall  thereupon  commence  proceedings. 

The  conditions  upon  which  consent  of  the  Board  is  to  be  given  are  ti 

following : —  .  ,  x   +1  d 

(1)  Regard  must  bo  had  to  the  industrial  interests  involved,  and  to  tne  n 

cumstances  and  requirements  of  the  locality  : 

(2)  Consent  shall  not  be  given  to  proceedings  by  the  Sanitary  Authority 
any  district  which  is  tho  seat  of  any  manufacturing  industry,  unless  tlioy 
.satisfied,    after    due    inquiry,    tliat    means    for    rendering    liarinless  1 
poisonous,  noxious,  or  polluting  liquids,  etc.,  are  reasonably  practicable  ft' 
available  under  all  the  circmustances  of  tlio  case,  and  that  no  mate 
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injury  will  be  inflicted  by  such  proceedings  on  the  interests  of  such 

(•})  Any  person  against  whom  proceedings  are  proposed  to  be  taken  shall, 
notwithstanding  the  consent  of  the  Board,  be  at  liberty  to  object 
before  the  Sanitary  Authority  to  proceedings  being  taken,  and  the 
Authority  shall,  if  required  in  writing  by  the  said  person,  afford  him 
an  opportunity  of  being  heard  against  sucli  proceedings  being  taken, 
so  far  a=i  the  same  relate  to  his  works  or  manufaotm-ing  process.  The 
Authority  shall  thereupon  allow  svich  person  to  be  heard  by  himself, 
agent?,  and  witnesses,  and,  after  inquiry,  the  Authority  shall  deter- 
niine,  having  regard  to  the  consideration?  laid  down  for  obtaining  the 
consent  of  the  Local  Government  Board,  whether  the  proceedings 
shall  still  proceed  or  shall  cease  and  determine  ; 
(4)  Where  one  Sanitary  Authority  take  proceedings  against  an  offender,  it 
shall  not  bo  competent  for  another  Sanitary  Authority  to  take  action  against  the 
same  person  till  such  reasonable  time  has  elapsed  wherein  the  offender  might 
carry  out  the  order  of  a  competent  Go\art. 
The  Act  further  provides  : — 

Section  7.  That  every  Sanitary  or  Local  Authority  having  sewers  under  their 
control  shall  give  faciUties  for  enabling  manufacturers  to  empty  their  waste 
products  into  such  sewers,except  such  products  as  would  prejudicially  aSect  the 
sewers,  or  the  sale,  application  to  land,  or  otherwise,  of  the  sewage-matter  con- 
veyed in  the  sewers,  or  wliich  would,  from  its  temperature  or  otherwise,  be  in- 
jui-ious  in  a  sanitary  point  of  view,  or  where  said  sewers  are  only  just  adequate 
for  the  needs  of  the  Sanitary  or  Local  Authority. 

Section  8.  That  every  Sanitary  Authority,  subject  to  the  restrictions  named, 
shall  have  power  to  enforce  the  provisions  of  this  Act  in  relation  to  any  stream 
being  within,  passing  tlu-ough  or  by,  any  part  of  their  district,  and  to  institute 
proceedings  in  respect  of  any  oSence  under  this  Act  against  any  other  Sanitary 
Authority  or  person,  whether  said  offence  is  committed  within  or  without  the 
district  of  the  prosecuting  Authority. 

Proceedings  may  also,  subject  to  the  restrictions  named,  be  instituted  in 
respect  of  an  offence  vmder  this  Act  by  any  person  aggrieved  by  the  commission 
of  such  offence. 

Proceedings  shall  not  be  taken  until  the  expiration  of  two  months  after 
written  notice  of  the  intention  to  proceed  has  been  given  to  the  offender. 
A  competent  court  of  jmisdiction  may — 

(1)  by  summary  order  require  the  offender  to  abstain  from  the  commission 

of  the  offence,  or  to  perform  his  duty  where  the  offence  is  due  to 
omission  of  performance  of  such  duty  ;  or 

(2)  may  insert  in  any  order  such  conditions  as  to  time  or  mode  of  action  as 

it  may  think  fit,  and  generally  may  give  such  directions  for  carrying 
said  order  into  effect  as  may  seem  meet ;  or 

(3)  may  remit  to  skilled  parties  to  report  on  the  "  best  practicable  and  avail- 

able means,"  the  nature  and  cost  of  works,  and  apparatus  required. 
A  certificate  by  an  inspector  of  "  proper  qualifications  "  appointed  imder 
section  12  for  the  purposes  of  this  Act  by  the  Local  Government  Board,  to  the 
effect  that  the  means  used  to  prevent  pollution  from  any  of  the  aforesaid 
causes,  are  the  best  or  only  practicable  and  available  means  under  the  circum- 
stances of  the  particular  case,  shall  be  held  in  all  legal  proceedings  to  be  con- 
clusive evidence  of  the  fact,  and  such  certificate  shall  run  for  a  period  of  two 
years,  and  may  be  renewed  for  the  like  or  any  less  period.  Any  aggrieved 
person  may  appeal  against  the  finding  of  such  inspector  to  the  Local  Govern- 
ment Board. 

Nothing  in  the  Act  shall  prejudice  or  affect  any  rights  or  interests  existing 
or  vested  in  any  person  or  persons  by  Act  of  Parliament,  law,  or  custom  ;  and 
nothing  in  this  Act  shall  legalise  any  act  or  default  which  would  but  for  this  Act 
be  deemed  to  bo  a  nuisance  or  otherwise  contrary  to  law. 
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Whoro  any  Local  Authority  or  any  urban  or  rural  Sanitary  Authority  lm\ . 
been  empowered  or  required  by  any  Act  of  Parliament  to  carry  any  Bewago  iui  ,, 
the  sea  or  any  tidal  waters,  notliing  done  by  such  Authority  in  pursuance  of 
sucli  enactmei\t  shall  be  doomed  an  offence  against  this  Act. 

There  are  certain  important  definitions  in  tliis  Act — viz. 

"  Stream  "  includes  the  sea  to  such  extent,  and  tidal  waters  to  such  point,  us 
may,  after  local  inquiry,  and  on  sanitary  grounds,  be  determined  by  the  Local 
Government  Board,  rivers,  streams,  canals,  lakes,  wator-cour.ses,  other  than 
water-courses  at  the  passing  of  this  Act  mainly  used  as  sewers  and  eniptyiui; 
directly  into  the  sea,  or  tidal  waters  which  have  not  been  determined  to  I " 
streams. 

"  Solid  Matter  "  shall  not  include  particles  of  matter  in  suspension  in 
water. 

"  Polluting  "  shall  not  include  innocuous  discoloration. 

II.  Rivers  Pollution  (Prevention)  Act,  1893,  was  passed  to 
explain  the  Act  o£  1876. 

Section  I.  explains  section  3  of  the  Act  of  1876  with  reference  to  drainage 
into  streams,  as  follows  : — 

"  Where  any  sewage-matter  falls  or  flows  or  is  carried  into  anj'  stream  after 
passing  through  or  along  a  channel  which  is  vested  in  a  Sanitary  Authority,  the 
Sanitary  Authority  shall,  for  the  piu-poses  of  section  3  of  the  Rivers  Poliution 
(Prevention)  Act,  1876,  be  deemed  to  knowingly  permit  the  sewage-matter  so  to 
fall,  flow,  or  be  carried." 

The  Local  Government  Act,  1888,  section  14  (1),  and  the  Local  Government 
(Scotland)  Act,  1889,  section  55  (1),  give  to  Coimty  Coimcils  in  England  and 
Wales  and  in  Scotland  respectively  power  to  enforce  the  provisions  of  the  fore- 
going Acts  with  regard  to  so  much  of  any  stream,  as  is  situated  within  or  passes 
through  their  jm-isdiction  ;  and  section  14  (3)  and  section  55  (3)  give  power 
to  the  same  Councils  to  form,  by  Provisional  order  of  the  respective  Local 
Government  Boards,  Joint  Committees  for  rivers  pollution  prevention 
purposes. 

In  1892,  the  Lancashire  County  Council  obtained  from  Parliament  "  Tlie 
Mersey  and  Irwell  Joint  Committee  Act,  1892,"  and  in  1894  the  Coimcil  of  the 
West  Riding  of  Yorkshire,  the  "  West  Riding  of  Yorksliire  Rivers  Act,  1894." 
In  the  latter  Act,  "  solid  matter  "  is  specified  as  "  the  solid  refuse  of  or  the 
sweepings  from  any  manufactory,  manufactiu-ing  process,  brickyard,  mine 
pit-shaft,  quarry,  workshop,  or  shop,  or  any  bricks,  stones,  gravel,  sand,  earth, 
mud,  soil,  ashes,  cinders  or  clinkers,  or  anj'^  rubbish,  or  any  deposit  in  a  reservoir, 
mill-dam,  water-lodge,  or  pond,  or  any  sludge,  or  any  solid  sewage-matt-er,  or 
any  garbage  or  offal  from  a  slaughter-house,  or  the  carcase  or  portion  of  the 
carcase  of  any  solid  matter  "  ;  and  liquid  sewage  "  includes  any  liquid  of  an  ex- 
crementitious  character,  blood,  and  the  washings  of  a  slaughter-house  wliich 
contain  blood." 

It  is  not  necessary  under  this  Act  to  obtain  the  consent  of  the  Local  Govern- 
ment Board  to  prosecute  in  the  case  of  pollution  by  solid  matters  or  sewage,  but 
that  consent  must  be  obtained  to  prosecute  respecting  pollution  from  manu- 
facturing processes. 

The  Gas-Works  Clau.ses  Act,  1847  (10  and  11  Vict.  cap.  15),  section  21, 
imposes  a  penalty  of  £200  and  of  £20  per  diem  during  contuiuance  of  offence,  on 
any  gas-company  which  fouls  a  stream  with  gas-washings,  after  twenty-four 
hours'  notice  has  been  given. 

.  The  Sahnon  Fisheries  (Scotland)  Act,  1862,  section  13,  made  provision  for 
the  prosecution  of  manufactiu-ers  who  polkited  salmon  rivers  to  the  injury  of 
fishing  and  fish  life,  but  in  the  Amending  Act  of  1868,  the  wording  of  the  section 
was  so  changed  that  the  power  became  virtually  useless  for  purposes  of  prosecu- 
tion. 

Having  been  engaged  during  the  last  twenty  years  in  prosecutions  dealing 
with  pollution  of  rivers,  and  having  devoted  much  attention  to  the  subject,  the 
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iithor  may  refer  the  reader  who  desires  to  pursue  the  subject  relative  to 
Scotland  to  the  following  papers.^  .  , 

It  will  be  well  for  the  student  to  compare  the  foregomg  Act  with  the  sections 
of  the  principal  Act,  sections  2-22  and  223  of  the  Burgh  Police  (Scotland)  Act, 
uliich  refer  to  pollution  of  streams  flowing  tlirough  or  on  the  boundary  of  a 
burgh  (vide  p.  320),  with  section  17  of  tho  Public  Health  Act,  1875  (p.  333),  and 
with  section  116  of  the  P.  H.  (Scot.)  Act,  1S07  (p.  317). 

River  Pollution  by  Sewage 

AUorney -General  v.  Birmingham,  Tame,  and  Rea  Didrict  Drainage 

Board 

The  decision  in  this  case  is  one  of  the  most  important  which  has  been 
made  of  recent  years  on  the  subject  of  sewage-pollution.  It  was  held  by 
the  judgment  of  theCourt  of  Appeal  that  a  Local  Authority  may  discharge 
polluting  matter  into  a  natural  stream  so  long  as  the  entering  polluting 
matter  is  not  more  foul  than  the  Avater  of  the  stream  itself.  The  facts 
of  the  case,  put  briefly,  are  these  : — In  1899,  the  Attorney-General,  at 
the  relation  of  the  Tamworth  Corporation  and  the  Tamworth  Rural 
District  Council,  raised  an  action  against  the  defendants,  a  J oint  Board 
estabhshed  under  section  279  of  the  Public  Health  Act,  1875,  for  the 
purpose  of  treating  the  sewage  of  the  city  of  Birmingham  and  certain 
adjoining  districts.  The  action  was  one  of  injunction  to  restrain  the 
defendants  from  conveying  sewage  or  filthy  water  into  the  River  Tame' 
from  their  sewage  farm  until  such  sewage  or  filthy  water  had  been  freed 
from  all  excrementitious  or  other  foul  or  noxious  matter  as  would  ai^ect 
or  deteriorate  the  purity  and  quality  of  the  water  in  that  stream.  In- 
junction was  granted  in  November,  1907,  after  trial,  by  Kekewich,  J., 
in  the  lower  Court.    The  defendants  appealed  to  the  Court  of  Appeal. 

In  1907,  the  method  of  treating  the  sewage  on  their  sewage  farm  by 
the  defendants  was  partly  by  passing  it  over  bacteria  beds  and  partly 
by  downward  filtration  in  lagoons.  After  that  date  (November  1907), 
the  defendants  began  new  works — viz.  the- construction  of  additional 
bacteria  beds,  and  a  storm-water  tank.  On  the  completion  of  these, 
which  were  intended  to  satisfy  the  provisions  of  section  17  of  the  Public 
Health  Act,  the  appeal  came  on  for  hearing. 

The  evidence  at  the  hearing  being  so  conflicting,  the  Court  remitted 
to  Sir  William  Ramsay  to  inquire  and  report  whether  the  effluents  from 
the  sewage-works  of  the  defendant?  which  entered  the  river  were,  before 
entering,  freed  entirely  or  to  any  extent  from  excrementitious  or  other 
foul  or  noxious  matter  such  as  would  affect  or  deteriorate  the  purity  of 
the  water  in  the  river  (a)  at  the  point  of  entry,  or  {h)  Avithin  a  distance 
of  600  yards  therefrom. 

Sir  William  Ramsay,  after  examination  of  the  locus  and  upon  the 
results  of  analyses  he  had  made,  reported  to  the  Court  of  Appeal  as 
follows: — "If  'excrementitious  matter'  means  actual  excrement, 
whether  fa-ces  or  urine,  then,  of  course,  my  reply  is  that  it  is 
absent.  But  if  it  means  partly  or  wholly  oxidised  faeces  or  urine, 
the  reply  must  be  that  there  is  some  present.    This  definition 


'  Author.  Proc.  Roy.  Philmoph.  Soc.  Glas.  1890-1897  1   On    Pollution  of 
Ibid.  190G-1907  /      Scottish  Rivers. 
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would  apply,  thougli  in  a  much  less  degree,  to  the  water  drunk  by  tl. 
greater  part  of  the  population  of  London,  which  is  drawn  from  the  Than 
and  the  Lea,  and  these  rivers  are  polluted  by  large  volumes  of  8ew;i' 
effluent  from  the  towns  on  their  banks.    It  is  needless  to  say  that  tlie 
sewage  undergoes  complete  purification  before  it  enters  the  rivers,  and 
also  that  the  water  is  furtlier  purified  by  storage  in  reservoirs,  aud 
filtration  through  sand  to  such  an  extent  that  no  danger  is  to  be  antici- 
pated from  drinking  it.    Dismissing  these  theoretical  views  as  hardly 
applicable,  it  seems  to  me  that  the  real  question  to  be  decided  is  :  AiV 
the  waters  of  the  Tame  and  the  Ilea  before  they  receive  the  effluent  from 
the  Birmingham  Sewage  Works  purer  or  less  pure  after  the  effluent 
has  been  added  ?  "    Having  indicated  from  the  analyses  he  had  made 
the  answer  to  which  these  pointed,  he  adds  :  "To  sum  up,  my  opinion  is    .  ■ 
that  the  river  is  not  made  fouler  by  the  entry  of  the  Birmingham  effluent.    !  . 
To  adopt  the  terms  of  the  reference  :  the  sewage- effluents  from  tlio    >  ■ 
defendants'  works  which  enter  the  River  Tame  are  to  such  an  extent  ; 
freed  from  excrementitious  matter  and  other  foul  or  noxious  matters    '  • 
that  they  do  not  affect  or  deteriorate  the  '  purity  '  of  the  water  in  sik  L    |  i 
river  (1)  at  the  points  of  entry,  or  (2)  within  a  distance  of  600  yards    ;  ; 
therefrom."  ; 

On  behalf  of  the  Attorney-General  it  was  contended  (1)  that  when    ;  ; 
the  injunction  was  granted  there  was  ample  justification,  and  that  the    '  ' 
Court  of  Appeal  had  no  power  to  discharge  or  suspend  a  properly-granted    ;  I 
injunction  ;  and  (2)  that  by  section  17  of  the  Public  Health  Act,  it  was    '  ' 
intended  to  prohibit  the  discharge  of  any  polluting  hquid  into  any  * 
natural  stream,  which  even  on  the  face  of  Sir  William  Ramsay's  report, 
was  now  being  done.    The  defendants  contended  that  having  earned  ' 
out  works  the  effect  of  which  prevented  any  deterioration  of  the  water  '■- 
of  the  river,  they  were  no  longer  committing  an  offence,  and  the  in- 
junction ought,  therefore,  to  be  removed.  : 

Three  judgments  were  giA^en  by  different  judges.    Cozens-Hardy,  i 
M.R.,  noted  that  Section  17  of  the  Act  read  as  follows  : — "  Nothing  in  * 
this  Act  shall  authorise  any  Local  Authority  to  make  or  use  any  sewer, 
drain,  or  outfall  for  the  purpose  of  convejdng  sewage  or  filthy  water, 
into  any  natural  stream  or  water-course,  or  into  any  canal,  pond,  or 
lake,  until  such  sewage  or  filthy  water  is  freed  from  all  excrementitious 
or  other  foul  or  noxious  matter  such  as  would  affect  or  deteriorate  the 
purity  and  quality  of  the  water  in  such  stream  or  Avater- course,  or  in 
Buch  canal,  pond,  or  lake  "  ;  and  he  asked  the  very  pertinent  question, 
"  Is  that  an  absolute  prohibition  against  conveying  filthy  water  into 
any  natural  stream,  or  is  it  only  a  prohibition  against  conve^dng  filthy 
or  sewage  water  in  such  a  manner  as  to  prejudicially  affect  or  deteriorate  ? 
It  seems  to  me  hardly  reasonable  to  say  that  a  man  can  be  guilty  of  a  ? 
statutory  offence  under  this  section  if  he  has  improved  the  water  by  [ 
that  which  he  casts  into  it.    I  think,  therefore,  that  it  is  not  true  to  say  i 
that  there  has  been  a  statutory  offence  if  the  defendants  have  put  into  ) 
the  river  some  water  which  does  contain  a  certain  amount  of  filth, 
although  it  is  so  much  better  than  the  rest  of  the  water  which  was  in  it 
before,  that  upon  the  whole  it  improves  the  character  of  the  water.    In  « 
other  words,  it  cannot  be  said  to  deteriorate  the  ])urity  of  the  water ; 
on  the  contrary,  it  benefits  it,  and  we  must  read  the  word  '  affect  'in  ' 
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I  he  sense  of  prejudddalhj  affect  or  deteriorate  the  purity  and  quality  of  the 
Nvater  That  being  so,  what  ought  we  to  do  m  this  case  ?  I  cannot  lail 
10  re^mrd  this  :  that  the  defendants  are  a  public  body  discharging  a 
niost'^important  function,  that  they  have  spared  no  money  .  .  .  and 
that  thev  have  done  the  best  they  could,  with  the  result  that  instead  ot 
damnifving  they  have  benefited  the  river.  In  these  circumstances  is  it 
rio-ht  to  sav  that  this  body  should  go  on  discharging  their  duties  with  a 
sword  ovei- their  heads  in  the  shape  of  a  perpetual  injunction  ?  Ithinknot 
It  mav  be  that  in  the  order  which  we  propose  to  make  we  are  going  beyond 
anythin'^  that  has  been  done  in  any  previous  case  which  is  reported,  but 
I  think  that  the  order  which  we  propose  will,  while  removing  the  sword 
over  the  heads  of  the  defendants,  and  while  enabling  them  to  discharge 
their  duties  without  the  prejudice  created  by  such  an  injunction,  impose 
upon  them  such  obUgations  as  the  statute  desires  should  be  imposed 
upon  them,  and  will  give  the  plaintiffs  all  such  rights  as  they  ought  to 

Fletcher  Moulton,  L.  J.,  said  :  "  I  am  of  the  same  opinion,  and  i 
agree  that  this  case  raises  a  point  of  great  importance  to  Local  Authorities 
and  to  the  public  generally.    The  diflaculty  of  dealing  with  sewage  now 
that  our  towns  have  grown  so  large  is  very  great,  and  seeing  that  sewage 
is  now  nearly  all  water-borne,  and  that  it  must,  therefore,  go  down  natural 
streams  to  the  sea,  the  terms  and  restrictions  which  have  been  put  by 
the  Legislature  upon  the  discharge  of  sewage  into  these  natural  streams 
become  questions  of  great  importance  ;  and  it  is  incumbent  on  the  Courts 
to  see  that  they  do  not  make  the  remedies  which  are  in  their  hands  for 
compelling  these  bodies  to  do  their  duty  in  this  respect  too  onerous,  by 
pushing  beyond  their  legitimate  meaning  the  legislative  provisions  as 
to  purity ;  otherwise  the  task  of  the  Sanitary  Authorities  would  be  made 
impossible  to  perform.  ...  I  wish  to  deal  with  the  question  of  what  is 
excrementitious  or  other  foul  or  noxious  matter.    We  all  know  tha,t 
cxcrementitious  matter,  being  of  organic  origin,  is  liable  to  change,  and  if 
we  are  to  take  excrementitious  matter  to  mean  unchanged  fceces  or 
urine,  then  the  defendants  do  not  offend,  because  in  their  effluent  there  is 
none  such.  .  .  .  Therefore  what  is  present  is  more  or  less  completely 
oxidised  or  burnt  up  excrementitious  matter.    If  we  were  to  say,  there- 
fore, that  the  statute  meant  that  everything  that  had  an  excrementitious 
origin  remained,  no  matter  what  changes  supervened,  excrementitious 
matter  still,  it  would  be  perfectly  impossible  to  purify  water  that  had 
once  been  used  as  seAvage,  because  the  processes  of  purification  do  not 
remove  nitrogen  and  the  oxygen  and  the  carbon  which  existed  in  the  ex- 
crementitious matter  that  was  originally  put  into  the  water  :  they  only 
change  their  combinations.    That  which  was  put  into  the  water  must 
substantially  remain  there,  and  would  remain  there  all  the  time.  Conse- 
quently you  cannot  say  that  because  there  is  matter  which  is  derived 
from  excrement,  there  is  therefore  excrementitious  matter  present. 
That  would  be  a  ludicrous  interpretation  of  the  section.  .  .  .  The  test 
taken  by  the  Legislature  is  an  excellent  one.    They  have  said  you  may 
not  discharge  into  a  stream  that  which  makes  it  worse.    The  consequence 
is  that  if  by  carefully  applying  purifying  processes  to  the  upper  waters 
of  the  stream  those  waters  become  more  and  more  pure ;  then  those 
that  discharge  into  the  lower  waters  of  that  stream  jnust  improve  their 
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methods  so  that  they  do  not  interfere  with  that  improvement.  Si,- 
W  lihani  Kamsay  finds  m  general  a  most  remarkabh;  state  of  thin^rs  witl, 
regard  to  this  efHuent.  It  is  fully  oxidised,  much  better  oxidised  tha 
the  ^xatov  into  which  it  was  put,  and  he  comes  to  this  conclusion  that 
tlie  effluent  does  not  deteriorate  tlic  stream ;  in  fact,  it  rathcr;ii.n,rov  es 
It  He  points  to  the  existence  of  green  growth  in  the  river,  and  «ives 
abundant  reasons  for  his  coming  to  the  above  conclusion.  But  it  is  thi- 
conclusion  which  is  really  important  to  us,  and  therefore  1  am  satisfied 
that  at  last  the  admitted  zeal  of  the  defendants  and  their  desire  to  perform 
their  statutory  duties  have  led  them,  thanks  to  the  improvements  in 
modern  science,  to  a  successful  result,  and  that  therefore  the  offenr,. 
against  this  section  has  ceased." 
Farwell,  L.  J.,  concurred. 

The  Court  thereupon  unanimouslv  made  the  following  order-— 
It  appearing  that  the  state  of  things  ex-isting  at  the  date  of  the  judg- 
ment has  since  been  changed  by  means  of  the  permanent  works  con- 
structed by  the  defendants,  so  that  there  is  no  longer  any  breach  of  the 
statutory  provisions  contained  in  Section  17  of  the  Public  Health  Act 
1875,  and  the  defendants  undertaking  to  use  their  best  endeavours  to 
prevent  in  future  any  breach  of  such  provisions,  discharge  the  injunction 
Ihe  appellants  to  pay  the  costs  of  the  appeal."  i 

1  L.  R.  1901.     1  Ch.,pp.  52-/56. 
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CHAPTER  IX 


LAW  CONCERNING  (1)  SEWERAGE,  (2)  DRAINS  AND 
HOUSE-DRAINAGE  AND  (3)  SCAVENGING 

Scotland. 

The  law  is  contained  in  tlie  following  Acts  of  Parliament : — 

]   Public  Health  (Scotland)  Act,  1 897,  Part  VI. ;  Sections  101-123  ; 

2.  Bui'gh  Police  (Scotland)  Act,  1892  ;  Sections  215-237  ; 

3.  Burgh  Police  (Scotland)  Act,  1903,  Part  I. ;  Section  25  ; 

i.  Bnrgh  Sewerage,  Drainage  and  Water  Supply  (Scotland),  Act,  1901 ; 
5.  liocal  Government  (Scotland)  Acts,  1889,  and  189-1-. 

L  Public  Health  (Scotland)  Act,  1897. 

Section  101.  All  sewers  existing  within  a  district,  not  being  private  pro-  Sewers  to  be 
perty,  or  not  being  under  management  of  person?  appointed  by  the  Crown  or  X'ii^hority^"''''^ 
by  any  Act  of  Parliament  or  Provisional  Order,  and  all  appliances  pertaining 
thereto,  shall  be  vested  in  the  Local  Authority. 

Section  102.  Gives  power  to  L.  A.  in  term?  of  section?  144  and  145  of  this  PowertoL.  A.to 
Act  to  acquire  rights  and  powers  vested  in  any  per.3on  to  make  sewers  or  to  use  puiclmse  sewers, 
any  sewer,  with  or  without  buildmg?,  or  other  thing?  pertaining  thereto,  and  to 
intike  compensation  for  right?  or  for  damage  done. 

Section  103.  Gives  power  to  L.  A.  to  construct  loithin  their  district,  and  when  Power  to  L.  A. 
aecessary  for  outfall,  distribution,  or  disposal  or  treatment  of  sewage,  without 
their  district,  such  sewers  a?  they  may  think  necessary  for  keeping  their  district 

other  works. 

properly  cleansed  and  drained.  ,  '^f  Tised° 

They  may  carry  such  sewer.s  through,  across,  or  imder  any  public  or  other  • 
road,  street,' or  place,  or  \mder  any  cellar  or  vault  under  the  foot-pavement 
or  carriage-way,  and,  after  reasonable  notice,  into,  through,  or  imder  any  lands 
whatsoever.  They  may,  from  time  to  time,  enlarge,  lessen,  alter,  arch  over, 
1-  otherwise  improve,  or  close  up  or  destroy,  all  sewera  vested  in  them,  pro- 
>  ided  no  nuisance  is  created  by  such  operations. 

If  any  person  is  thereby  deprived  of  the  lawful  use  of  any  sewer,  the  L.  A. 
shall  provide  another  sufficiently  effectual  for  his  use.    L.  A.  shall  keep  sewers 
so  as  not  to  be  a  nuisance,  and  for  this  pm'pose  may  construct  and  place,  either 
above  or  below  ground,  such  reservoirs  and  other  works  as  may  be  necessary, 
find  may,  subject  to  the  provisions  of  the  Rivers  Pollution  (Prevention)  Acts, 
'  iiuse  such  sewers  to  communicate  with  or  be  emptied  into  such  places  as  may 
'  ■  fit  and  necessary  either  within  their  district,  or  if  necessary  for  purposes  of 
itfall,  distribution,  disposal  or  treatment  of  the  sewage,  without  their  district, 
id  to  cau.se  the  sewage  and  refuse  therefrom  to  be  collected  for  sale  or  for  any 
irposo  whatsoever,  but  so  r,s  not  to  create  a  nuisance. 
Section  104.  The  L.  A.,  three  months  at  least  before  commencing  construe-  x^.  x.  to  give 
tion  of  any  .sewer  or  other  work  for  sewage  purposes  without  their  district,  shall  notice  boforo 
give  notice  of  intended  work  by  advertisement  in  one  or  more  local  newspapers  sownge-works 
Or  by  handbills  circulated  in  the  district.    Said  notice  to  describe  the  nature  witliout  tlieir 
of  the  intended  work,  to  state  intended  termini  of  the  same,  and  to  state  the  district, 
names  of  the  parishes,  public  roads  and  streets,  and  other  lands  through, 
across,  and  under  or  on  which  the  work  is  to  bo  done,  and  shall  name  a  place 
where  a  plan  of  proposed  works  is  open  for  inspection  at  all  reasonable  hours. 
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In  case  of  ob- 
jection, work 
not  to  be  com- 
menced without 
sanction  of 
Board. 
Inspector  to 
hold  inquiry  and 
to  report  to 
Board. 


Protection  of 
railways,  etc., 
in  sewer-con- 
struction. 
Empowers  L.  A. 
to  utilize 
sewage. 


Power  of  Entry. 


Power  of  owners 
or  occupiers  to 
drain  into  sewers 
of  Local  Author- 
ity, provided 
that  sewage  will 
not  cause 
damage  to  sewer 
or  cause  a 
nuisance. 


Use  of  sewers  by 
persons  beyond 
district. 


A  copy  of  said  notico  shall  be  served  on  owners  or  reputed  owners,  tenants  or 
reputed  tenants,  and  occupiers  of  said  lands,  and  on  the  Local  Authority  and 
County  Council  whore  such  district  is  situated. 

Section  105.  If  any  owner,  etc.,  oVjjects  to  such  work  and  serves  notice  in 
writing  of  objection  on  the  L.  A.  at  any  time  within  said  three  months,  the 
intended  work  sliall  not  be  commenced  without  the  sanction  of  the  Local 
Government  Board  after  inqmry,  unless  such  objection  is  withdra\\Ti. 

Section  106.  The  L.  G.  B.  may,  on  application  of  the  L.  A.  desirous  of  con 
structing  such  work,  appoint  an  inspector  to  make  inquiry  on  the  .spot  into  tin 
propriety  of  the  intended  work  and  into  objections  thereto,  and  to  report  t 
the  Board  on  matters  with  respect  to  which  such  inquiry  was  directed,  and  on 
receiving  the  report  of  such  inspector,  the  Board  may  make  an  order  disallowing 
or  allowing  the  intended  work  with  such  modifications  (if  any)  as  they  ma\' 
deem  necessary. 

Section  107.  Contains  provisions  for  the  protection  of  railways,  canal-, 
bridges,  etc.,  in  construction  of  sewers. 

Section  108.  The  L.  A.  may  from  time  to  time,  for  the  purpose  of  utilisim 
sewage,  agree  with  any  person  as  to  the  supply  of  such  sewage  or  the  distribu- 
tion or  disposal  or  treatment  thereof  over  land,  and  as  to  the  works  to  be  mad.- 
for  the  same,  and  as  to  the  parties  to  execute  the  same  and  to  bear  the  cost 
thereof,  and  as  to  the  sums  of  money,  if  any,  to  be  paid  for  such  supply  ;  pro- 
vided that  no  contract  shall  be  made  for  the  supply  of  sewage  for  a  period  ex- 
ceeding five  years,  vmless  with  authority  of  the  L.  G.  B.,  and  not  for  any  period 
exceeding  twenty-five  years. 

The  L.  A.  may,  in  terms  of  sections  144  and  145  of  tliis  Act,  contract  for, 
piirchase,  or  take  on  lease  any  lands,  buildings,  etc.,  for  the  purpose  of  ^ecei^•- 
ing,  storing,  disinfecting,  distributing,  or  disposing  or  treating  sewage. 

Section  109.  In  case  it  shall  become  necessary  to  enter,  examine,  or  lay 
open  any  lands  or  premises  for  the  purpose  of  maldng  plans,  surveying,  measur- 
ing, talung  levels,  examining  works,  ascertaining  cour.se  of  sewers  on  drain-, 
making  or  repairing,  altering  or  enlarging  sewers  or  drains,  or  other  purposi  - 
ancillary  to  the  powers  herein  given  as  to  sewers  or  drains,  and  the  owner  vi 
occupier  refuses  or  withholds  access  and  leave  to  perform  the  said  operations, 
the  L.  A.  may,  after  written  notice  to  such  owner  or  occupier,  applj'  to  th< 
Sheriff  who,  if  no  sufficient  cause  be  shown  to  the  contrary,  shall  grant  warrant 
to  the  L.  A.,  their  officers  and  others  thereby  authorised,  to  enter  and  do  all 
or  any  of  the  works  or  operations  aforesaid  at  all  reasonable  times  in  th' 
daytime. 

Section  110.  Any  owner  or  occupier  within  the  district  of  a  Local  Authority, 
liable  for  the  public  health  general  assessment  or  special  sewer  assessment, 
shall  be  entitled  to  cause  his  drains  to  empty  into  the  sewers  of  such  L.  A.  on 
condition  of  liis  giving  20  days'  previous  notice  of  his  intention  so  to  do  to  tlio 
L.  A.  He  must  comply  with  the  regulations  of  the  L.  A.  regarding  mode  of 
commi-mication  with  sewers,  and  be  subject  to  the  control  of  any  person  ap- 
pointed by  the  L.  A.  to  superintend  the  making  of  such  commimications. 
Provided  always  that  the  sewage  to  be  added  is  not  of  a  nature  to  cause  damage 
to  the  structure  of  the  sewer  or,  by  admixture  with  the  sewage  therein,  to  cause 
a  nuisance. 

Section  111.  Any  owner  or  occupier  beyond  the  limits  of  the  district  of  a 
Local  Authority,  or  within  said  limits,  who  is  not  liable  for  the  public  health 
general  assessment  or  special  sewer  assessment,  may  cause  any  sower  or  drain 
from  his  premises  to  commimicate  with  tho  sewer  of  the  Local  Authority  pro- 
vided always  that  such  sewer  of  tho  Local  Authority  and  tlio  works  connected 
therewith  are  of  sufficient  capacity  and  otlierwise  suitable  for  receiving  such 
additional  drainage  ;  and  that  upon  such  terras  and  conditions  as  may  be 
agreed  upon  between  o^vner  or  occupier  and  such  Local  Authority-,  and  any  dis- 
pute which  may  arise  under  this  section  shall  be  determined  .summarily  by  tho 
Sheriff.    Provided  always  that  the  additional  sewage  is  not  of  a  nature  to  paiiso 
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damage  to  the  stnictvire  of  the  sewer  or,  by  admixture  with  other  sewage 
therein,  to  cause  a  nuisance. 

Section  112.  Every  person,  not  being  authorised  by  the  L.  A.,  who  shaU  Penalty  lor 
make  a  dram  mto  any  sewer  vested  in  the  L.  A.  shall  bo  hable  m  a  penalty  not  "^tjjoifggj]" 
exceeding  £5,  and  the  L.  A.  may  close  such  commimication  between  drain  and  drains, 
sewer,  and  may  recover  summarily  from  the  offender  any  expenses  incurred 
by  them. 

Section  113.  Before  entering  into  any  contract  for  executing  any  such  work  Estimates  for 
as  hereinbefore  or  after  mentioned,  falhng  imder  this  part  of  the  Act,  or  con-  ^'^ 
nected  with  sewage  or  drainage,  if  the  expense  may  exceed  £30,  the  L.  A.  shall 
procure  fi-om  a  surveyor  an  estimate  of  the  probable  expense  of  constructing 
the  same  in  a  substantial  manner,  and  of  the  yearly  cost  of  maintenance  ; 
and  such  sm-veyor  shall  accompany  such  estimate  with  a  report  as  to  the  most 
advantageous  mode  of  constructing  such  work. 

Section  114.  No  building,  imless  with  the  consent  of  the  L.  A.,  shall  be  No^bundiiigs^to 
built  over  any  sewer  belonging  to  the  L.  A.,  and  no  vault,  arch,  or  cellar,  or  gg^,!'g,^g_  etc?^*'' 
other  structure,  and  no  pipes  shall  be  laid  so  as  to  interfere  with  any  such 
sewer. 

Section  115.  AU  sewers  and  drains,  pubhc  and  private,  shall  be  sufficiently  Sewers  and 
trapped  and  ventilated  by  the  persons  to  whom  they  severally  belong  to  the  ^^ppg^"  ^'^ 
satisfaction  of  the  L.  A. 

Section  116.  The  owners  or  occupiers  of  distilleries,  manufactories,  and  ^'j^g^.'^^^^j.^.^g^^"'^ 
other  works  shall  be  compelled,  when  possible,  to  dig,  make,  and  construct  ^servoirs 
pools  or  reservoirs  within  their  own  ground  or  as  near  their  works  as  possible,  witliin  preniises 
for  receiving  and  depositing  the  refuse  of  such  works  so  far  as  offensive  or  |!efule^of  Luch 
injiu-ious  or  dangerous  to  the  health  of  those  hving  in  the  vicinity  thereof,  or  works, 
to  use  the  best  practicable  means  for  rendering  the  same  inoffensive  or  innoxi- 
ous before  dischargiag  it  into  any  river,  stream,  ditch,  sewer,  or  other  channel. 

Section  117.  It  shall  not  be  lawful  for  any  person  to  throw  or  suffer  to  be  g^'j^g^^'^jj""^ 
thrown  or  to  pass  into  any  sewer  of  a  L.  A.,  or  any  drain  communicating  there-  ^upthig  free  flow 
with,  any  matter  by  which  the  free  flow  of  sewage  or  surface  or  storm  water  of  sewage, 
may  be  interfered  with,  or  by  which  such  sewer  or  drain  may  be  injured. 
Penalties  for  offence  and  for  daily  continuance  of  offence. 

Section  118.  It  shall  not  be  lawful  for  any  person  to  throw  or  suffer  to  be  Prohibition 
thrown  into  any  running  water,  spring,  well,  lake,  pool,  reservoir,  drain,  or  cfreasL^'in  a'nf 
ditch,  the  carcase  of  any  animal  or  part  thereof,  and  any  person  offending  water, 
against  this  section  shall  be  liable  to  a  penalty  not  exceeding  £10. 

Section  119.  The  L.  A.  may  order,  when  considered  necessary  for  the  pubhc  Drain  discharg- 
health,  any  drain  to  be  discharged  below  low-water  mark,  with  consent  of  ^Iter  marir^" 
Board  of  Trade  and  Commissioners  of  Woods  and  Forests. 

Section  120.  If  a  house,  distillery,  manufactory,  or  other  work  within  the 
district  of  a  L.  A.  is  without  a  drain  or  withovit  such  drain  as  is  sufficient  for  out'drahts^or  ' 
effectual  drainage,  the  L.  A.  may,  by  notice,  require  the  owner  of  such  house,  adequate  drains, 
etc.,  within  a  reasonable  time  therein  specified,  to  make  a  sufficient  drain 
emptying  into  any  sewer  which  the  L.  A.  are  entitled  to  use,  and  with  which 
the  owner  is  entitled  to  make  a  commimication,  so  that  such  sewer  be  not  more 
than  100  yards  from  the  site  of  the  said  promises  of  such  owner  ;  but  if  no  such 
means  of  drainage  are  within  that  distance,  then  emptying  into  such  covered 
cos.spool  or  other  place,  not  being  under  any  house,  as  the  L.  A.  may  direct. 
On  failure  by  owner  to  comply,  the  L.  A.  may,  at  the  expiration  of  the  time 
specified  in  said  notice,  do  the  work  required  and  recover  summarily  the  ex- 
penses of  so  doing  from  such  owner.  Provided  that  whore  in  the  opinion  of 
the  L.  A.  greater  expense  would  be  incurred  in  causing  the  drains  of  two  or  more 
liouses  to  empty  into  an  existent  sewer  pursuant  to  this  section  than  in  con- 
structing a  now  sewer  and  causing  .such  drains  to  empty  therein,  the  L.  A.  maj' 
construct  such  sower  and  require  the  owners  of  such  houses  to  cause  their 
drains  to  empty  therein,  and  may  apportion  as  they  deem  just  the  expenses 
of  construction  among  the  owners  of  the  several  houses,  and  may  recover 
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sumninrily  siicli  Hums  so  apportioiiod,  any  difTcronco  to  |jo  dcUsnninod  siun- 
inarily  by  tlio  Slioriff. 

Section  121.  Two  or  more  Local  Aiithoritios  rnay,  with  tho  sanction  of  the 
L.  G.  Board,  combine  together  for  tho  purpose  of  executing  or  acquiring  an 
interest  in  or  maintaining  any  works  by  tliis  Act  or  any  other  Act  authorised 
in  regard  to  sewerage  or  drainage  that  may  be  for  tho  benefit  of  tlioir  respecti\'e 
districts. 

Section  122.  (1 )  Upon  requisition  to  tliat  effect  made  in  writing  by  a  Parish 
Council  or  by  not  fewer  than  ten  ratepayers  within  the  district  of  a  L.  A.  not 
being  the  Local  Authority  of  a  burgh,  tho  L.  A.  shall  be  bound  to  meet  after 
21  days'  notice,  or,  if  the  L.  A.  itself  so  resolve,  it  may  meet  after  21  days' 
notice,  and  shall,  whether  sewer.5  or  drains  have  been  ah-eady  constructed  or 
not,  consider  the  proprietj'  of — 

(a)  forming  i3art  of  their  district  into  a  .special  drainage  district ;  or 

(6)  enlarging  or  hmiting  the  bomidaries  of  a  special  drainage  district ;  or 

(c)  combining  a  special  drainage  district  with  another  special  drainage 

district ;  or 

(d)  enlarging  or  limiting  the  boundaries  of  both  or  either  of  such  special 

drainage  districts,  and  combining  the  same  or  parts  thereof  ;  or 

(e)  determining  that"  any  special  drainage  district  shall  cease  as  such,  or 

that  any  combination  shall  cease  ;  and  the  resolution  of  tho  L.  A. 
shall  determine  all  questions  regarding  the  paj^ment  of  any  debt 
which  may  affect  any  district  or  special  drainage  district  and  tlie 
right  to  impose  and  the  obligation  to  pay  any  assessment  affected 
by  such  determination,  and  shall  fix  the  date  at  which  such  deter- 
mination shall  take  effect  ;  such  resolution  shall  be  pubhshed  in  onf 
or  more  newspapers  circulating  in  the  district,  or  by  the  posting  of 
handbills  throughout  the  district ;  a  copy  of  said  resolution  shall  be- 
fortliwth  transmitted  to  the  Board,  and  where  the  L.  A.  is  a  district 
committee,  to  the  County  Comicil ;  and  the  production  of  sucli 
newspaper  or  handbill,  or  a  certificate  imder  the  hand  of  the  clerk 
of  the  L.  A.  (whose  signature  need  not  be  proved),  shall  be  sufficient 
evidence  of  such  resolution  ;  and  witliin  21  days  after  date  of  first 
pubhcation  of  such  resolution  it  shall  be  competent  for  any  person 
interested  to  appeal  against  the  resolution,  whatever  its  terms  nmy 
be,  to  the  Sheriff,  and  the  Sheriff,  not  bemg  a  Sheriff-substitute 
resident  witliin  the  district,  may  either  approve  or  disapprove  of 
such  resolution. 

If  he  disapproves  thereof  he  may  either  find  that  no  special  drainage 
district  should  be  formed,  or  may  enlarge  or  hmit  the  special  cUstrict  as  defined 
in  such  resolution,  or  may  find  that  such  special  drainage  district  or  part  thereof 
shall  be  combined  as  craved,  or  that  such  combination  shall  cease,  or  that  such 
special  drainage  district  or  districts  shall,  as  such,  cease  to  exist. 

_  The  decision  of  the  Sheriff  shall  be  binding  and  shall  be  final  except  where 
it  is  pronoimced  by  a  Sheriff-substitute,  in  which  case  it  may  be  appealed  to  tlio 
Sheriff. 

(2)  The  order  of  tlie  Sheriff  shall  determine  all  questions  regarding  pa\  - 
ment  of  debt  affecting  any  .  district  or  special  drainage  district,  and  tlie  rigiit 
to  impose  and  tbe  obligation  to  pay  any  assessment  affected  by  his  determinu- 
tion,  and  shall  fix  a  date  at  which  such  determination  shall  take  effect,  txnd  n 
copy  of  any  such  order  shall  be  forthwith  published  as  in  the  ease  of, tlie  resolu- 
tion of  tlie  L.  A.,  and  be  transmitted  to  the  L.  G.  Board  and  to  the  Couni> 
Council. 

(3)  Where  a  district  committee  is  the  Local  Authority,  notwithstandinc 
the  provisions  of  s.  17  (2),  (o)  of  the  Local  Government  (Scotland)  Act,  188!t. 
it  shall  not  be  competent  to  appeal  to  the  County  Council  against  any  resoluf  ion 
of  tho  district  committee  under  tliis  sectioTi. 

(4)  Whore  a  special  drainage  district  has  been  formed,  or  may  hei-cafter 
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bo  formed  under  this  Act,  the  district  committee  of  the  district  in  which  such 
special  draiuago  district  is  or  may  be  situated,  or  the  County  Coimcil  where 
a  county  is  not  divided  into  distx'icts,  shall  in  their  discretion  have  power  to 
provide  for  the  di-ainage  of  the  highways  and  footpaths  under  their  manage- 
ment and  control  within  such  sijecial  di-ainage  district,  or  to  pay  or  contribute 
out  of  the  assessments  raised  under  tlie  Roads  and  Bridges  (Scotland)  Act, 
1878,  a  proportion  of  the  cost  of  providing  and  maintaining  sewers  sufficient 
for  the  di-ainage  of  such  highways  and  footpaths. 

(5)  Nothing  contained  in  this  Act  shall  prejudice  the  provisions  of  sub- 
sections 1  and  2  of  s.  81  of  the  Local  Government  (Scotland)  Act,  1889,  as 
amended  by  s.  44  of  the  Local  Government  (Scotland)  Act,  1894  {q.v.  p.  323). 

Section  123.  The  making  of  works  of  distribution  and  service  for  the  Works  ford istri- 
supply  of  sewage  to  lands  for  agricultiu'al  purposes  shall  be  deemed  an  improve-  ^j"  i'ai"d°to^'be''°'' 
inent  of  land  authorised  by  the  Improvement  of  Land  Act,  1864,  and  the  deemed  a  land 
pi-ovisions  of  that  Act  shall  apply  accorcUngly.  improvement. 

Section  139.  Makes  it  lawl'ul  for  a  L.  A.  to  borrow  moneys  for  sewers  and 
utilisation  of  sewage  mider  prescribed  conditions. 

Note. — A  district  committee  is  not,  however,  empowered  to  borrow.  This 
power  can  only  be  exercised  in  landward  districts  by  the  Coimty  Coimcil,  with 
consent  of  the  joint  standing  committee  [vide  Local-Government  (Scotland) 
Act,  1889,  s.  67). 

II.  Burgh  Police  (Scotland)  Act,  1892 ;  Sections  215-237. 

Section  215.  All  sewers  and  drains  within  a  burgh,  whether  made  before  sewers  and 
or  after  the  passing  of  this  Act  (except  private  branch-di'ains,  drains  made  and  diains  to  be 
used  for  draining,  preserving,  or  improving  land,  and  sewers  made  under  any  Conimissimie?s^^ 
local  or  pri'/ate  Act  of  Parliament)  shall  vest  in  and  belong  to  and  be  entirely 
imder  the  management  and  control  of  the  Commissioners. 

Section  216.  Enables  Commissioners  to  pmcliase  the  rights,  privileges,  Power  to 
powers,  and  authorities  vested  in  any  person  for  making  sewers  not  hereby  purcha.se,  etc. , 
vested  in  the  Commissioners  or  to  contract  for  the  use  of  such,  or  to  purchase  seweis. 
such  sewers,  with  or  without  buildings,  works,  materials,  and  things  belong- 
ing thereto  ;  and  to  any  person  to  whom  such  rights,  etc.,  belong,  to  sell  and 
dispose  of  the  same  to  the  Commissioners,  or  otherwise  to  contract  with  the 
Commissioners.    After  any  such  sale,  the  pm'chE,se-money  shall  be  settled  and 
applied  to  the  same  uses  and  pm'poses  to  which  the  property  pm'chased  may 
have  been  subject  at  time  of  such  sale,  and  the  property  so  sold  shall  vest  in 
and  belong  to  the  Commissioners,  any  law  to  the  contrary  notwithstanding  ; 
provided  that  the  seller  sliall  have   the  right  to  use  the  same  or  other 
-ewer  substituted  in  lieu  thereof  in  as  ample  a  maimer  as  before  the 
punilune. 

Section  217.  Nothing  in  this  Act  shall  be  construed  to  authorise  the  Com-  Private  sewers 
inissioners,  contrary  to  any  private  right,  to  use,  injure,  or  interfere  with  any  courses'  etc 
-owers  or  other  works  already  made  or  used  for  the  piu'pose  of  di-aining,  pre  not  to  lie  used 
orving,  or  improving  land  under  any  local  or  private  Act  of  Parliament,  or  without  con- 
fer the  purpose  of  irrigating  lands,  or  to  use,  injm'e,  or  interfere  with  any 
water-cour.se,  stream,  river,  dock,  basin,  wharf,  quay,  or  towing-path  in  whicli 
the  owner  or  occupier  of  any  lands,  mills,  mines,  or  machinery,  or  the  pro- 
prietors of  any  canal  or  navigation  shall  have  right  or  interest,  without  consent 
in  writing  of  the  person  legally  entitled  to  grant  the  same  ;  and  nothing  in  the 
•Act  shall  prejudice  or  afi'oct  the  rights,  privileges,  powers,  or  authorities  given 
III-  rosorvod  to  any  por.son  under  any  local  or  private  Act  of  Parliament  for  the 
drainage,  etc.,  of  laud,  or  for  or  in  respect  of  any  mills,  mines,  ruachinery,  canal, 
iir  navigation,  as  hut  aforesaid. 

Section  218.  Comnu'.ssioners  shall  form  the  whole  Burgh  into  one  drainage  .usuicts  only  to 
district,  subj(!ct  to  the  following  exceptions  and  provisions  : —  be  ibriiu'd  alter 

(1)  Whore  at  the  application  of  this  Act  separate  districts  exist,  the  same  ^'J' 
shall  bo  maintained,  unless  and  until  they  are  altered  in  the  mimnor  ' 
hereinafter  provided ; 
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(2)  Commissioners  may  divide  the  Burgh  into  separate  drainage  districts 

witli  approval  of  tlie  SJioriff,  if  special  and  exceptional  circunistances 
exist  to  his  satisfaction  making  it  expedient  to  do  so  ; 

(3)  Coimuissioners  may  unite  or  alter  existing  separate  districts  with 

approval  of  tho  Sheriff  ; 

(4)  Any  alteration  of  districts  existing  at  the  application  of  this  Act  shall  he 

subject  to  such  conditions  as  the  Sheriff  may  impose  ; 

(5)  Commissioners  shall  cause  their  sui-veyor  to  define  and  describe  th(^ 

several  drainage  districts,  and  any  alterations  made  tliereon  from 
time  to  time,  upon  a  plan  of  the  Burgh  to  be  made  as  horeinaftci- 
provided  for. 

Power  to  Com-  Section  219.  Coromissioners  shall  from  time  to  time,  subject  to  the  n  - 
missioiiers  to  strictions  herein  contained  as  to  notice  to  be  given,  and  plans  and  estimates 
^fwl'.^'il^"^'^  *o  be  prepared,  cause  to  be  made,  imder  the  streets  or  elsewhere,  such  main 
exist,  making  and  other  sewers  as  shall  be  necessary  for  the  effectual  di'aining  of  the  burgli, 
compensation  to  and  all  such  other  works  as  shall  be  necessary  for  cleansing  such  sewer.-i,  and 
property.  needful  may  carry  such  sewers  tlirough  and  across  all  underground  cellars 

and  vaults  tmder  any  such  streets,  doing  as  Uttle  damage  a?  may  be  and 
making  full  compensation  for  any  damage  done  ;  and  may  carry  the  same  into 
or  tlirough  any  enclosed  or  other  lands,  making  compensation  to  owners,  and 
occupiers  thereof ;  and  they  may  cause  the  refuse  of  such  sewers  to  be  convej'ed 
by  a  proper  channel  to  the  most  convenient  site  for  its  collection  and  sale  for 
agricultural  or  other  purposes,  as  may  be  deemed  most  expedient,  but  h.< 
tliat  the  same  shall  in  no  case  become  a  nuisance  ;  Provided  always,  tliat  if  in 
malcing  any  such  main  and  other  sewers,  or  in  repairing,  constructing,  or 
enlarging  the  same  or  existing  drains  or  sewers,  the  contents  at  present 
carried  in  any  existing  outlet  shall  be  diverted  to  the  prejudice  of  anj-  actual 
existing  legal  right,  the  Commissioners  shall  be  bound  to  make  compensation 
therefor,  such  compensation  to  be  settled  as  compensation  for  land  to  be  taken 
under  the  provisions  of  the  Lands  Clauses  Acts. 
Commissioners        Section  220.  At  least  28  days  before  making  any  new  sewer  where  none 
to  give  notice  of  before  existed  or  altering  the  course  or  level  of  or  stopping  or  abandoning  u 
sewers^ oTof      sewer,  the  Commissioners  shall  give  notice  of  their  intention,  by  posting  a  notice 
altering  or        in  a  conspicuous  place  at  the  end  of  every  such  street  through  or  in  which  the 
abandoning       work  is  to  be  imdertaken,  wliich  notice  sliall  set  forth  the  names  of  streets  and 
places  through  or  near  which  the  new  sewer  shall  pass  or  the  existing  sewer  shall 
be  altered  or  stopped  up,  and  also,  the  places  of  beginning  and  the  end  thereof, 
shall  refer  to  the  plans  of  such  intended  work,  and  shall  specify  a  place  where 
plans  may  be  seen,  and  a  time  when  and  a  place  where  all  persons  interested 
in  the  intended  work  may  be  heard  thereupon.    (Cf.  section  25  of  Act  of  1903, 
p.  323. )_ 

Commissioners  Section  221.  Commissioners  shall  meet  at  time  and  place  mentioned  in 
ob'Tctors"*^  ^^^^  notice  to  consider,  in  the  presence  of  their  surveyor,  any  objections  made 
against  any  such  intended  work,  and  all  persons  interested  in  or  Ukely  to  be 
aggrieved  by  such  intended  work  shall  be  entitled  to  be  heard  at  such  meeting. 
Thereupon,  the  Commissioners  may  at  their  discretion  abandon  or  make  such 
alterations  in  the  said  intended  work  as  they  judge  fit  ;  and  no  such  work  to 
which  any  objection  has  been  made  at  such  meeting  shall  bo  executed  unless 
the  burgh  surveyor  shall  certify  that  the  work  ought  to  be  executed,  nor  shall 
such  work  be  Ijegun  imtil  the  end  of  7  days  after  an  order  for  its  exe- 
cution has  been  duly  made  by  the  Commissioners  and  entered  in  their 
books. 

Where  works  for  Section  222.  Whenever  the  Commissioners  shall  have  caused  pipes  or  other 
vkUnf^treams    ^^^"'^'^  *°  '^'^  lai'i  along  any  river,  burn,  or  water-course  within  the  burgli 

:ire  not  to  be  ^''iG  purpose  of  intercepting  and  conveying  away  the  sewage  which  would 

polluted.  othorwiso  flow  into  and  pollute  the  same,  it  shall  bo  unlawful  for  any  person  to 

introduce  into  any  part  of  such  river,  Jiurn,  or  water-course,  along  which  sucli 
pipes  are  laid,  any  sewage  or  other  offensive  matter  or  thing  from  any  source  ; 
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and  the  Commissioners  are  hereby  authorised  to  allow  jtanctions  to  be  made 
with  such  pipes  or  works  for  drainage  of  any  lands  and  premises  which  would 
natiu-ally  fall  into  such  river,  etc.,  on  such  terms  as  they  may  arrange  with 
persons  requiring  such  drainage,  and  failing  arrangement,  on  such  terms  as 
may  be  fixed  by  the  Sheriff,  who  is  hereby  required  to  hear  and  determine  such 
questions.  Infringement  of  the  provisions  of  this  section  to  be  followed  by 
penalties  after  conviction. 

Section  223.    Any  person  who  shall  lay  or  throw,  or  cause  or  procure  to  be  An  offence  to 
laid  or  thrown,  any  rubbish,  earth,  ashes,  corks,  straw,  soil,  filth,  or  refuse,  or 
any  other  matter,  whether  offensive  or  not,  into  the  channel  or  on  the  banks  streams, 
or  sides  of  any  river,  etc.,  flowing  tlu-ough  or  on  the  boundary  of  a  burgh  shall 
upon  conviction  of  the  offence  be  liable  to  a  penalty. 

Section  224.  Gives  power  to  Commissioners  at  any  time  and  in  any  way  Commissioners 
to  alter  sewers,  or  to  demohsh  and  discontinue  any  sewer  which  appears  to  them  ™o^\\^^'e*to^^''' 
to  have  become  useless,  provided  that  the  same  is  done  without  creating  a  time, 
nuisance. 

Section  225.  If  £uay  person,  by  reason  of  any  alteration  or  discontinuance  Commissioners 
of  any  sewer  or  of  other  proceeding  of  the  Commissioners,  be  deprived  of  the  "°*gJ'(^g''^^raiM 
use  of  any  sewer  or  drain  wliich  such  person  was  theretofore  lawfully  entitled  to  qj.  sewers  witli- 
use,  the  Commissioners  shall  provide  some  other  drain  or  sewer  equally  effectual  out  providing 
for  the  piu-pose  ;  and  if  the  Commissioners  do  not,  within  7  days  after  notice  o*^^'^^- 
in  writing  has  been  served  xvpon  them,  begin  and  diligently  proceed  to  restore  the 
existing  drain  or  to  provide  a  new  sewer  or  drain,  they  shall  forfeit  to  the  person 
aggrieved  a  sum  not  exceeding  40s.  for  every  day  after  expiration  of  such  7  days 
during  wliich  such  person  is  deprived  of  the  use  of  the  drain  or  sewer  to  which  he 
was  entitled  and  is  not  provided  with  such  other  drain  or  sewer. 

Section  226.  Before  entering  into  any  contract  for  executing  any  such  work  Commissioners 
as  aforesaid,  Commissioners  shall  procure  from  their  surveyor  an  estimate  ^^te^of  co^st'''' 
of  the  probable  expense  of  constructing  the  same  in  a  substantial  manner  and  of  before  proceed, 
the  yearly  cost  of  maintenance,  and  the  surveyor  shall  at  the  same  time  report  ing  with  work, 
as  to  the  most  advantageous  mode  of  doing  the  same. 

Section  227.  Every  person,  not  employed  or  authorised  for  that  purpose  by  Penalty  for 
the  Commissioners,  who  shall  make  any  drain  from  lands  or  premises  into  any  of  making  un- 
the  sewers  vested  in  the  Commissioners  shall  be  Uable  to  a  penalty  ;  and  the  Drains. 
Commissioners  may  cause  such  drain  to  be  remade  as  they  may  think  fit, 
the  expense  inciurred  thereby  to  be  paid  by  the  owner  of  the  lands  or  premises 
and  that  over  and  above  a  reasonable  sum  of  money  for  the  use  of  the  sewers. 

Section  228.    No  building  shall  be  erected  over  any  sewer  belonging  to  Vaults  and 
the  Commissioners,  and  no  vault,  arch,  or  cellar  shall  be  made  under  the  streets  notTo  be 
carriage-way  of  any  street,  pubhc  or  private,  without  the  consent  of  the  made  without 
Commissioners  in  writing.    If  such  consent  be  obtained,  all  such  vaults,  arches,  consent  of  Com- 
etc,  shall  be  substantially  made  and  so  as  not  to  interfei'e  or  communicate 
with  any  sewer  belonging  to  the  Commissioners.    If  after  this  Act  comes  into 
force  any  such  building  be  erected,  or  any  arch,  vault,  or  cellar  be  made,  con- 
trary to  the  provisions  of  this  section,  the  Commissioners  may  demohsh  or  fill 
up  the  same  at  the  expense  of  the  person  erecting  such  building  or  making 
such  arch,  vault,  or  cellar. 

Section  229.    All  sewers  and  drains,  whether  public  or  private,  shall  be  Sewers  and 
trapped  and  ventilated  by  the  Commissioners  or  other  persons  to  whom  they  Drains  to  be 
severally  belong.  ^'^^^ 

Section  230.  Commissioners  shall  have  power  for  the  ptirpose  of  providing  Commissioners 
ventilation  for  existing  sewers  or  drains,  or  for  sewers  or  di'ains  hereafter  con-  empowered  to 
structed,  to  acquire  by  agreement  lands  and  premises,  and  to  construct  vontilat-  sewago-^^'^ 
ing  shafts,  furnaces,  and  other  means  of  ventilating  tlio  sewers  and  other  works  works, 
which  may  be  found  necessary,  and  if  necessary  to  carry  them  upon,  into,  or 
through  any  enclosed  or  other  private  premises,  tlie  Commissioners  to  have  the 
same  powers  and  be  liable  to  the  like  restrictions  in  so  doing  as  are  by  this  Act 
provided  for  constructing  sewers. 
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Section  231.  Commissioners  may  arrange  with  the  owners  or  occupiers  of 
anj'  manufactory,  gaswork,  or  lirewery,  having  furnaces  and  cliimnoy-sliafts  so 
situated  as  to  be  available  for  the  ventilation  of  adjacent  sowers  and  drains,  for 
such  ventilation,  or  of  othersuitablepremises,  and  to  lay  and  fix  such  ventilators, 
pipes,  or  shafts,  into,  on,  or  against  such  buildings  or  premises  as  to  them  seem 
proper,  and  as  may  be  agreed  vipon,  making  compensation  to  the  owners 
thereof. 

Section  232.  Costs  and  expenses  in  carrying  out  provisions  of  foregoing 
section  to  be  a  charge  against  the  general  sewer-rato  or  any  special  sewer-rat<j  as 
Commissioners  may  judge  fit. 

Section  233.  Any  owner  or  occupier  of  distilleries,  manufactories,  or  other 
works  who  causes  or  permits  any  refuse,  refuse-water,  steam,  or  other  substance 
fitted  to  interrupt  the  free  passage  of  a  sewer  or  to  be  otherwise  injurious 
thereto  or  to  be  injurious  to  the  health  of  persons  hving  in  the  vicinity,  to  enter 
a  pubhc  sewer,  river,  or  inland  loch,  or  public  reservoir  or  dock  from  any  such 
works  shall  be  guilty  of  an  offence,  and  on  conviction  shall  be  Uable  to  penalties 
for  the  offence  and  for  dailj'  continuance  and  for  expenses  for  taking  out  of  the 
sewer  any  refuse  or  substance  that  may  have  entered  it  from  his  works. 

Such  owners  and  occupiers  shall  construct  pools  or  reservoirs  as  near  their 
works  as  possible,  for  receiving  and  depositing  such  refuse  and  other  substances. 

If  it  shall  be  impracticable,  in  the  judgment  of  the  Commissioners,  to  render 
such  refuse  or  other  substances  inoffensive  or  innocuous,  or  to  prevent  the 
same  from  interrupting  the  free  passage  of  the  sewer  or  otherwise  injuring  the 
same,  it  shall  be  lawful  for  the  Commissioners  to  proliibit  and  interdict  such 
owner  or  occupier  from  permitting  the  same  to  run  into  such  sewer  from  his 
worlcs  aforesaid  ;  and  while  such  prohibition  and  interdict  are  in  force,  or  if 
and  so  long  as  the  owner  or  occupier  of  such  works  makes  no  use  of  the  sewers 
in  consequence  of  having  before  this  Act  came  into  force  made  separate  arrange- 
ments for  the  drainage  of  the  works,  such  owner  or  occupier  shall  be  entitled 
to  be  exempted  from  the  sewer-rates  to  the  extent  of  75  per  cent,  thereof 
apphcable  to  the  whole  building  or  such  part  or  parts  thereof  as  by  such  pro- 
hibition or  previous  separate  arrangement  are  deprived  directly  or  indirectly 
of  any  benefit  from  the  sewer  ;  provided  that  the  sewer-rates  payable  m  respect 
of  the  other  parts  of  such  works  shall  still  remain  payable ;  and  if  the  proliibition 
and  intercUct  be  at  any  time  by  the  Commissioners  withdi-awn,  or  the  o^vner  or 
occupier  having  previous  separate  arrangements  shall  begin  to  use  the  sewers, 
then  the  exemption  shall  cease,  and  if  the  owner  or  occupier  is  dissatisfied  with 
the  decision  of  the  Commissioners  as  to  the  question  of  practicabihty  aforesaid, 
or  as  to  the  part  of  the  works  for  which  such  exemption  ought  to  be  made,  it 
shall  be  lawful  for  such  owner  or  occupier  to  appeal  to  the  Sheriff  in  manner 
after  provided. 

,       -  Section  234.  Anyperson  being  the  owner  or  occupier  of  any  lands  or  premises 

and  ocafpTera'^of  ^^yo^d  the  Burgh,  or  not  included  in  the  drainage  thereof,  and  in  respect  of 
land  or  premises  which  he  would  not  be  Uable  for  payment  of  rates  authorised  to  be  levied  under 
beyond  limits  of  this  Act  or  the  Local  Authority  of  any  district  imder  the  Pubhc  Health  Acts, 
may,  with  the  consent  of  the  Commissioners  in  wi'iting,  upon  pajanent  to  tliem 
of  a  reasonable  sum  of  money  to  be  agreed  upon  between  them,  at  his  or  their 
o-ivn  expense,  and  under  the  superintendence  of  the  surveyor  of  the  Com- 
missioners, cause  to  branch  into  and  to  communicate  with  any  of  the  sewers 
belonging  to  the  Commissioners  any  sewer  or  drain  in  respect  of  the  said  lands  or 
premises  or  district  which  may  be  lawfully  made  therefrom  of  such  size  and  in 
such  form  of  communication  as  the  Commissioners  approve  ;  but  nothmg  in 
this  Act  shall  affect  any  right  theretofore  acquired  by  such  owaier  or  occupier 
to  use  any  sewer  or  drain  belonging  to  the  Commissioners. 

Section  235.  If  Commissioners  shall  consider  it  noce.ssary  for  piiblic  health 
that  any  drain  should  discharge  itself  below  high-water  mark  they  shall  be 
entitled,  with  consent  of  the  Board  of  Trade,  to  construct  the  necessary  works 
under  regulations  provided  in  regard  to  works  authorised  by  tliis  Act.' 
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Section  236.  Empowers  Commissioners  to  borrow  money  for  the  purpose  Powers  to 
of  making,  purchasing,  enlarging,  ventilating,  reconstructing,  and  maintaining  f°bo?row  money 
sewers.  ^"'^  construction 

Section  237.  it  shall  be  lawftil  for  any  person  whose  property  may  be  of  sewers, 
taken  or  injm-iously  affected  by  the  making,  altering,  and  maintaining  of 
sewers,  or  who  may  think  himself  aggi-ieved,  to  appeal  to  the  Sheriff. 

III.  Burgh  Police  (Scotland)  Act,  1903.    Part  I. 

Section  25.  Where  the  Town  Council  has  resolved  to  abandon  any  sewer 
vested  in  them  and  used  as  part  of  the  sewage-system  of  the  burgh  and  to  sub- 
stitute a  new  sewer  in  its  place,  they  shall  either  connect  with  the  new  sewer 
the  branch-di-ains  connected  with  the  abandoned  sewer,  making  such  altera- 
tions or  repairs  thereon  as  may  be  necessary,  or  construct  or  lay  from  the  new 
sewer  new  covered  branch-drains  of  such  materials,  of  such  size,  at  such  level, 
and  wth  such  fall  as  may  be  necessary  for  drainage  of  the  houses  or  buildings 
previously  drained  by  means  of  the  abandoned  sewer.  All  expenses  of  repair, 
etc.,  shall  be  recoverable  from  the  owners  of  houses  or  buildin,':;s.  (C/.  sections 
220  and  225  of  Act  of  1892.) 

IV.  Burgh  Sewerage,  Drainage,  and  Water-Supply  (Scotland)  Act,  1901. 

Section  2.  In  any  bmrgh,  or  in  any  special  or  separate  drainage  district 
formed  therein  vmder  any  Act,  the  expenses  incurred  either  before  or  after  the 
passing  of  this  Act  for  sewerage  and  drainage  or  water-supply,  as  the  case  may 
be,  within  the  same,  or  for  the  pmposes  thereof,  together  with  the  sums  neces- 
sary for  the  repayment  of  capital  and  interest  of  any  money  borrowed  there- 
for either  before  or  after  the  passing  of  this  Act,  shall  be  paid  out  of  a  sewer- 
assessment  or  water- assessment  as  the  case  may  be,  which  the  Town  Council 
of  the  burgh  shall  raise  and  levy  on  and  within  such  b\u-gh  or  (in  the  case  of 
the  sewer-assessment)  within  such  special  or  separate  district ; 

Provided  that  where  a  special  or  separate  di-ainage  district  has  been  formed 
imder  the  provisions  of  any  Act,  and  drainage-works  have  been  executed  and 
maintained  therein,  the  lands  and  heritages  situated  within  such  special  or 
separate  district  shall  not  be  hable  to  assessment  for  the  expense  of  sewerage 
and  drainage  works  in  other  parts  of  the  burgh. 

The  sewer-assessment  and  the  water-assessment  together  shall  not  in  any 
burgh  or  special  or  separate  drainage  district  exceed  the  rate  of  fom*  shilhngs  in 
the  pound  ;  Provided  that  if  the  produce  of  a  rate  of  four  shilhngs  in  the  poi.md 
in  any  burgh  or  special  or  separate  drainage  district  shall  not  be  sufficient  to 
meet  the  expenditure,  it  shall  be  lawful  to  increase  such  rate  to  such  extent 
as  may  be  approved  by  the  Local  Government  Board. 

Section  3.  AU  special  or  separate  drainage  districts  that  may  have  been 
formed  in  any  bmgh  imder  any  Pubhc  Health  Act  shall,  subject  to  the  pro- 
visions of  this  Act,  be  deemed  to  be  drainage  districts  imder  the  principal  Act. 

Section  5.  The  powers  and  duties  of  the  Town  Council  of  any  biu-gh,  as  the 
Authority  under  the  principal  Act,  with  reference  to  sewerage  and  drainage 
or  water-supply  shall  extend  to  the  whole  area  of  the  bvirgh  as  existing  for  the 
purposes  of  the  Public  Health  (Scotland)  Act,  1897,  and  the  Town  Coimcil,  as 
the  Authority  under  the  principal  Act,  in  addition  to  the  powers  conferred  upon 
them  by  that  Act,  shall,  with  reference  to  sewerage  and  drainage  or  water- 
supply  within  such  area,  have  the  same  rights,  powers,  and  privileges  as  are 
conferred  by  the  Public  Health  (Scotland)  Act,  1897,  upon  Local  Authorities 
under  that  Act  in  districts  other  than  biu-ghs,  with  the  exception  of  the  rights, 
etc.,  conferred  by  sections  122  and  131  of  the  last-mentioned  Act,  to  which 
sections  the  present  section  shall  not  apply. 

V.  Local  Government  (Scotland)  Acts,  1889,  and  1896. 

'J'ho  Local  Government  Act,  1889,  section  81,  sub-sections  1  and  2,  as 
amended  by  the  Local  Government  Act,  1894,  section  44,  sub-section  9,  provides 

II-',  follows  : — 

Section  81.  With  respect  to  special  drainage  districts  or  special  water- 
supply  districts  the  following  provisions  shall  have  effect : — 
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(P  Whero  a  speciul  drainage  district  or  special  water-supply  district  liu- 
been  formed  in  any  parish  under  the  Public  Health  Acts,  the  District 
Committee  may,  subject  to  regulations  to  be  from  time  to  time  mad.i 
with  the  consent  of  the  County  Council,  appoint  a  sub-committee  for 
tlio  management  and  maintenance  of  the  drainage  or  water-supply 
works,  and  such  sub-committee  shall  in  whole  or  in  part  consist  of 
parish  councillors  of  the  parish  or  parishes  in  which  the  special 
district  is  situated,  whether  members  of  the  District  Committee  or 
not ; 

(2)  Where  a  special  drainage  district  or  special  water-supply  district  is 
partly  within  a  coimty  and  partly  within  a  burgh  or  poUce  burgh, 
the  sub-committee  appointed  imder  the  immediately  preceding  sub^ 
section,  and  such  number  of  the  Town  Council  or  Police  Commissioners 
(as  the  case  may  be)  of  such  bm-gh  or  police  burgh  as  failing  agree- 
ment the  Secretary  for  Scotland  may  determine  ha\'ing  regard  to  all 
the  circmnstances  of  the  case,  shall  be  charged  with  the  management 
and  maintenance  of  the  drainage  or  water-supply  works  within  such 
special  district,  and  the  determination  of  the  Secretary  for  Scotland 
may  provide  for  the  regulation  of  the  proceedings  and  for  the  alloca- 
tion and  payment  of  the  expenses  incurred  imder  this  sub-section. 
Section  44  (9)  of  the  Act  of  1894  provides  that  the  number  of  a  sub- 
committee appointed  mider  the  said  section  may,  faiUng  agreement  betweou 
a  District  Committee  and  a  County  Council  and  a  Town  Council  or  Commis- 
sioners of  a  pohce  bm-gh,  be  determined  by  the  Secretary  for  Scotland. 

(Of.  sections  3  and  5  of  the  Burgh  Sewerage,  Drainage,  and  Water-Sapply 
(Scotland)  Act,  1901,  p.  323.) 

II.  Law  concerning  Drains,  Ditches,  and  House-Drainage. 
I.  Public  Health  (Scotland)  Act,  1897. 

For  the  pm-poses  of  tWs  Act,  according  to — 

Section  16,  sub-section  2.  Any  drain  in  such  a  state  or  so  situated  as  to  be 
a  nuisance  or  injiu-ious  or  dangerous  to  health  ;  and 

Section  16,  sub-section  8.  Any  schoolliouse  or  any  factory,  not  being  a 
factory  subject  to  the  provisions  of  the  Factory  and  Workshop  Act,  which  is 
not  kept  in  a  cleanly  state  and  free  from  effluvia  arising  from  any  dram,  shall 
be  deemed  to  be  nuisances  liable  to  be  dealt  with  summarily  in  manner 
provided  by  the  Act. 

Section  18.  Enacts  that  if  the  Local  Authority,  or  medical  officer,  or  sanitary 
inspector  have  reasonable  groimds  for  belie\'ing  that  nuisance  exists  in  any 
premises,  such  Local  Authority,  medical  officer,  or  sanitary  inspector  may 
demand  admission  for  tliemselves,  the  chief  constable  or  supermtendent  of 
pohce  or  any  other  person  whom  the  Local  Authority  may  desire,  to  enter  and 
inspect  such  premises,  and,  if  necessary,  to  open  up  the  gromid  of  such  pre- 
mises, or  for  any  or  all  of  them  to  inspect  the  same  at  any  hour  between  9 
A.M.  and  6  p.m.,  or  at  any  hour  when  the  operations  suspected  to  cause  the 
nuisance  are  behoved  to  be  in  progress  or  are  usually  carried  on  ;  and  may 
cause  the  gi-ound  or  siu-face  to  be  opened,  and  the  drains  to  he  tested,  or  such 
other  work  to  be  done  as  may  be  necessary  for  an  effectual  examination  of  the 
said  premises  ;  provided  always,  that  if  no  nuisance  be  found  to  exist,  the 
Local  Authority  shall  restore  the  premises  at  their  ovm  expense.  If  admi.ssion 
be  refused,  the  Local  Authority,  or  medical  officer,  or  sanitary  inspector  may 
apply  to  the  Sheriff  or  to  any  magistrate  or  justice  of  the  peace  having  juris- 
diction, stating  on  oatli  such  belief  ;  and  such  Sheriff,  etc.,  may,  after  intima- 
tion to  the  owner  or  occupier,  or  person  in  charge  of  the  premi.ses,  by  order  in 
writing  require  such  person  to  admit  the  Local  Authority  and  others  aforesaid. 
If  such  occupier,  etc.,  fail  to  obey  such  order,  ho  sluxll.  on  conviction,  he  liable 
to  a  penalty  ;  and  on  being  satisfied  of  sucli  failure  or  refusal,  the  Shoriff.  eta, 
may  grant  wai-rant  to  sucli  Local  Authority,  officers,  or  persons  for  immediate 
forcible  entry  into  the  promises.    If  no  occupier  or  person  can  be  discovered, 
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or  if  no  person  be  found  on  the  preinises  to  give  or  refuse  adiaiission,  the  Local 
Authority  or  their  officers  may  enter  the  premises  without  anyorder  or  warrant, 
and  forcibly  if  need  be.  Provided  that  if  no  nuisance  be  found  to  exist,  the 
Local  Authority  sliall  restore  the  premises  at  their  own  expense. 

Any  order  by  a  Sheriff,  magistrate,  or  justice  for  admission  tmder  this 
section  sliall  remain  in  force  imtil  nuisance  is  removed,  or  the  work  for  which 
the  entrj'  was  necessary  has  been  done. 

Section  28.  Wlienever  any  M'ater-course,  ditch,  gutter,  or  drain  along  the  Foul  ditches, 
side  of  any  street,  or  between  or  parallel  to  rows  of  dwelhng-houses,  shall  be  ^epVaced\y^ 
used  or  partly  used  for  the  conveyance  of  any  water,  sewage,  or  other  liquid  sewers, 
or  matter  from  any  premises,  and  cannot  in  the  opinion  of  the  Local  Authority 
be  rendered  free  from  foulness  or  offensive  smell  without  the  laying  down  of  a 
sewer  or  some  other  structm-e,  such  Local  Authority  shall  and  they  are  hereby 
required  to  lay  down  such  sewer  or  other  structure  within  the  hmits  of  their 
district,  or  subject  to  the  approval  of  the  L.G.  Board,  where  necessary  for  the 
purpose  of  outfall  or  distribution  of  sewage,  withovit  their  district,  and  to  keep 
the  same  in  good  and  serviceable  repair  ;  and  such  Local  Authority  are  author- 
ised, and  empowered  to  assess  the  owners  of  all  the  premises  from  which  then 
or  thereafter  other  than  pure  water  flows,  falls,  or  is  carried  into  the  said  sewer 
or  other  structxu-e. 

Section  41.  Where  any  water-course  or  open  ditch  lying  near  to  or  forming  Provision  for 
the  bovmdary  between  the  district  of  any  Local  Authority  and  any  adjoining  c'iean|j°i'i?^'^ 
district  is  foul  and  offensive,  so  as  injuriously  or  dangerously  to  affect  the  offensive  ditches 
district  of  such  Local  Authority,  any  Sheriff  having  jurisdiction  in  such  adjoining  lying  near  to  or 
district  may,  on  the  application  of  such  Local  Authority,  summon  the  Local  boundaries  of 
Authority  of  such  adjoining  district  to  appear  to  show  cause  why  an  order  districts. . 
shovild  not  be  made  for  cleansing  such  water-course  or  open  ditch,  and  for 
executing  such  permanent  or  other  structural  works  as  may  appear  to  such 
Sheriff  to  be  necessary  ;  and  such  Sheriff,  after  hearing  the  parties,  or  ex  parte 
in  case  of  the  default  of  any  of  them  to  appear,  may  make  such  order  with 
reference  to  the  execution  of  the  works  and  the  persons  by  whom  the  works 
shall  be  executed,  and  by  whom  and  in  what  proportions  the  costs  of  the  same 
shall  be  paid,  and  also  as  to  the  amoimt  thereof,  and  the  time  and  mode  of 
payment,  as  to  such  Sheriff  may  seem  reasonable. 

Section  181.  The  Local  Authority  of  any  district  other  than  a  biu-gh  may, 

■  subject  to  approval  of  the  Coimty  Council,  make  bye-laws  for  the  whole  or  any 
part  of  their  district  for  regulating  the  building  or  rebuilding  of  houses  or 

.  buildings,  or  the  use  for  human  habitation  of  any  building  not  previously  so 
u.sed,  or  any  alteration  in  the  mode  of  occupancy  of  any  existing  house  in  such 
a  manner  as  will  increase  the  number  of  separate  houses  in  respect  inter  alia 
to  the  followng  matters  : — 

(1)  The  drainage  of  the  subsoil  of  sites  for  and  the  prevention  of  dampness 

in  houses  intended  for  human  habitation  ; 

(2)  The  construction  and  arrangement  of  the  drainage  of  houses  and 

buildings  and  of  soil-pipes  and  waste-pipes,  and  the  construction  and 
position  of  water-closets,  earth-closets,  privies,  ash-pits,  cesspools, 
dimgsteads,  slop-sinks,  and  rain-water  pipes  and  rhones  ; 
(.3)  The  intimation  previous  to  the  commencement  by  the  owner  or  person 
laying  out  the  work  to  the  Local  Authority  of  the  date  of  commence- 
ment, and  for  the  due  inspection  in  respect  of  the  matters  in  this 
section  mentioned  of  houses  and  buildings  in  process  of  erection  or 
alteration,  and  the  examination  of  the  drains  thereof,  and  for  the  pulling 
down,  alteration,  or  amendment  of  any  work  which  has  been  carried 
out  in  contravention  of  the  bye-lawa. 
II.  Burgh  Police  (Scotland)  Act,  1892  ;  Sections  238-256.  mr'co'^tX'r 

Section  238.  if  any  house  or  building  and  its  pertinents  be  at  any  time  not  drains  from 
I  drained  by  a  sufficient  drain  or  pipe  communicating  with  some  sewer  or  with  liousos,  charging 
the  sea  to  the  satisfaction  of  the  Commissioners,  and  if  there  bo  means  of  exponse"''^''  '^''^ 
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drainago  within  100  yards  of  any  part  of  such  house  or  building,  tlie  Conimis- 
sionors  .shall  construct  such  a  suitable  drain  as  they  tliink  necessary,  and  tlie 
expense  shall  be  recoverable  from  the  owner,  in  addition  to  any  charge  for  the 
use  of  the  sewers. 

Section  239.  No  house  or  building  shall  be  built  upon  a  lower  level  than  will 
allow  drainage  of  the  wash  and  refuse  thereof  to  fall  into  some  sewer  of  the 
Commissioners  eitlier  existing  or  to  be  constructed  by  the  Commissioners,  if 
there  be  means  of  di'ainage  within  100  yards  ;  or  if  there  be  no  moans  of  drain- 
age within  such  distance  of  intended  site  of  building,  then  such  drain  sliall  be 
made  so  as  to  lead  into  a  covered  cesspool  or  other  place  as  the  Commissioners 
shall  direct,  which  shall  be  constructed  and  kept  in  complete  repair  to  the  satis- 
faction of  Commissioners  so  as  effectually  to  prevent  leakage  or  effluvium 
therefrom,  imtil  a  new  fsewer  shall  have  been  laid  down. 

Section  240.  Whenever  any  house  is  rebuilt,  the  level  of  the  cellar  or  other 
lowest  floor  of  such  house  shall  be  raised  sufficiently  to  allow  of  the  construc- 
tion of  such  drain  as  laid  down  in  previous  section.  Whenever  any  hoase  is 
taken  down  to  or  below  the  ceiUng  of  the  groimd  or  street  floor,  for  the  purpo.se 
of  being  built  up  again,  such  bmlding  shall  be  deemed  a  rebuilding  within  the 
meaning  of  this  Act. 

Section  241.  Proper  ventilation  shall,  if  required  by  the  Conamissioners, 
be  provided  in  the  di-ainage  of  every  house  or  building  by  special  pipe  or  shaft 
or  by  such  other  method  as  they  .shall  direct.  AH  other  inlets  to  drains  shall 
be  properly  trapped. 

Section  242.  All  branch-drains,  witlain  and  without  the  premises  to  which 
they  belong,  and  all  cesspools  or  reservoirs,  shall  be  imder  the  survey  and 
control  of  the  Commissioners,  and  shall  be  kept  in  proper  order  at  the  cost 
and  charge  of  the  owner  of  the  premises. 

Section  243.  The  surveyor  of  the  Commissioners  may,  and  when  requested 
by  the  M.O.H.  or  the  S.I.  shall,  inspect  any  drain  or  cesspool  or  reservoir,  and 
for  that  purpose,  at  all  reasonable  times  in  the  daytime,  after  24  hours'  notice 
in  writing  to  the  occupier  of  the  premises  to  wliich  such  drain,  etc.,  is  attached, 
may  enter  with  svicli  assistants  as  are  necessary,  and  cause  the  ground  to  be 
opened  where  he  thinks  fit,  doing  as  httle  damage  as  may  be.  If  drain,  etc., 
be  found  in  good  order,  he  shall  cause  the  ground  to  be  closed  and  made  good 
as  soon  as  may  be,  and  in  that  case  expense  shall  be  defrayed  bj'  Commissioners. 
All  branch-drains  which  have  b  en  opened  for  repairs,  or  for  any  purpose,  shall 
not  be  covered  up  before  they  have  been  inspected  and  tested  by  the  Com- 
missioners or  their  siu-veyors,  such  inspection  and  testing  to  be  made  within 
24  hours  after  notice  has  been  given  by  tlie  owner.  Contravention  of  the  fore- 
going to  be  followed  by  a  penalty,  and  the  Coromissioners  may  further  re-open 
the  drain  and  test  it,  all  at  the  owner's  expense. 

Section  244.  If  any  such  drain  or  cesspool  or  reservoir  be  on  inspection 
fotmd  to  have  been  constructed  after  this  Act  came  into  force  contrary  to  the 
directions  and  regulations  of  the  Commissioners  or  contrary  to  the  Act,  or  if 
any  person,  witliout  consent  of  the  Commissioners,  shall  construct,  rebuild,  or 
unstop  any  drain,  etc.,  every  such  person  shall  be  hable  to  a  penalty  ;  and 
the  Commissioners  may  cause  such  alterations  in  the  drain,  etc.,  as  tliey 
think  fit. 

Soil-Pipes  and  Water-Closets  and  Ash-pits,  etc. 

Section  246.  Within  one  month  after  written  notice  by  the  Commissioners, 
the  owner  of  every  house  or  part  of  a  house  occupied  by  a  .separate  family,  into 
which  water  has  not  been  already  introduced,  shall,  subject  to  any  bye-lav^-s 
made  by  the  Commissioners,  introduce  water  thereto,  and  shall  fit  up  in  some 
window,  recess,  or  other  well-lighted  and  ventilated  place,  a  sink  sufficient  to 
carry  off  the  whole  foul  water  ;  and  after  a  like  notice,  every  owner  shall 
provide  for  such  liouse  or  part  of  a  house  occupied  by  a  separate  family,  wher- 
ever practicable,  a  sufficient  water-closet  ;  Provided  always  that  if  th(>  Com- 
missioners are  of  opinion  that  it  is  not  advisable  to  introduce  water-closets  into 
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each  house,  they  may,  after  a  like  notice,  require  the  owners  to  construct  on  each 
flat,  or  in  some  adjacent  convenient  place,  a  sufficient  number  of  water-closets 
for  the  sepai-ate  use  of  each  sex  of  tlie  inmates  and  occupiers  of  the  said  tene- 
ments ;  Provided  further,  that  this  enactment  shall  not  be  enforced  where, 
from  insufficient  pressm-e  of  water  or  absence  of  di-ains,  or  from  other  cause, 
such  works  shall  be  impracticable  or  inexpedient. 

Section  247.  It  shall  be  lawful  for  owners  of  any  one  or  more  floors  or  Owners^of^flats 
storeys  of  any  house  or  building  to  have  a  supply-pipe  from  any  water-pipe  m  j^a^Jg  "uppiy.pjpe 
the  street  brought  up  the  common  staircase,  or  along  the  back  or  side-wall  of  from  main 
the  tenement  on  the  outside,  and  either  passing  underground  through  the  water-pipe, 
simken  storey  or  lowest  flat,  or,  where  practicable,  through  any  common  entry. 
Authority  shall  be  first  obtained  from  the  magistrate  to  lay  and  put  up  the 
pipe,  the  expense  to  be  borne  by  the  owner.    Permission  to  join  the  supply- 
pipe  to  any  main-pipe  to  be  also  obtained  from  any  water- company. 

Section  248.  Where  there  are  two  or  more  houses  in  any  tenement,  the  Soil-pipesmay 
owner  and  occupier  of  each  house  shall  permit  soil-pipes,  if  unavoidably  houses 
necessary,  to  be  carried  through  the  same  ;   and  the  owner  and  occupier  of  on  diflerent flats, 
the  lowest  storey  shall  permit  such  soil-pipes,  if  necessary,  to  be  carried  through 
or  imder  the  same  ;  and  all  s\ich  owners  and  occupiers  shall  at  all  reasonable 
times  afford  access  to  all  such  houses  for  construction  of  works  and  repairs 
thereon,  at  the  sight  of  the  burgh  surveyor. 

Section  249.  Any  person  who  shall  put  into  a  soil-pipe  or  cesspool  any  ashes  Penalty  for  in- 
or  any  matter  calculated  to  choke  the  same  shall  be  hable  to  a  penalty  and  to  so"i.|ipe.^^ 
expense  of  repair. 

Section  250.  In  all  streets  and  other  places  where  common  sewers  are  or  may  Owners  of  flats 
be  constructed,  it  shall  be  lawful  for  any  owner  of  one  or  more  floors  or  storeys  "^^g^^^'^^^^t™^ 
of  any  houses  divided  into  separate  floors  or  storeys  (on  obtaining  authority  for  pjpgg  gom. 
the  pvu-pose  from  the  magistrate  on  report  and  recommendation  of  the  surveyor  m»!^^cate  with 
or  other  skilled  person)  to  erect  a  waste  or  foul  water-pipe  or  soil-pipe  with  trap 
in  or  upon  the  common  staircase,  or  upon  any  wall  of  the  tenement  outside,  to 
commimicate  with  any  drain  underground  leading  into  a  common  sewer  where 
there  is  such  a  drain,  and  vnth  power  to  make  such  drain  if  none  such  already 
exist ;  Provided  always,  that  the  sanction  of  the  Commissioners  shall  be 
obtained  before  connecting  such  drain  with  any  common  sewer  in  the 
street. 

Section  251.  The  situation,  dimensions,  materials,  and  construction  of  Construction  of 
every  water-closet  or  earth-closet  and  privy  shall  be  subject  to  the  approval  of 
the  Commissioners,  and  every  such  convenience  hereafter  to  be  constructed  and  privies, 
shall  be  placed  in  such  a  position  that  one  of  its  sides  shall  be  an  external  wall, 
^vith  a  window  containing  an  area  of  at  least  six  superficial  feet,  one  half  of 
which  shall  be  made  to  open,  and  the  cistern  which  supphes  the  w.  c.  (except 
the  service-pipe  connected  therewith)  shall  have  no  communication  with  the 
w.  c.  ;  Provided  that  in  the  case  of  such  conveniences  erected  prior  to  the  pass- 
ing  of  the  Act  it  shall  be  optional  for  the  Commissioners  to  exact  the  foregoing 
provisions. 

Section  252.  A  cesspool  shall  not  be  allowed  for  any  house  or  building  Construction  of 
except  when  unavoidable,  in  whicli  event  it  shall  be  constructed  in  such  cesspools, 
situation  and  in  such  manner  and  under  such  conditions  as  the  Commissioners 
shall  direct.    In  every  case  it  shall  be  made  water-tight,  shall  be  arched  or 
otherwise  covered  over,  and  shall  be  ventilated  by  a  pipe  cai-ried  up  from  it  as 
directed  by  the  Commissioners. 

Section  253.  The  situation,  dimensions,  drainage,  materials,  mode  of  access,  Construction  of 
and  construction  of  every  asli-pit  sliall  be  subject  to  the  approval  of  the  Com-  "f'^gan^Q 
missioners,  and  shall  be  of  sufficient  size  to  contain  the  ashes  and  dry  refuse 
likely  to  accumulate  between  such  visits  of  the  .scavengers  as  the  Commissioners 
may  prescribe  ;  Provided  that  if  any  person,  not  being  the  owner  or  occupier 
of  the  house  or  promises  to  which  anyash-pit  belongs  or  is  attached, shall  deposit 
any  matter  therein,  such  person  shall  be  guilty  of  an  offence. 
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Jsnools      ,  ^f°"°"        „'"'°  T''^'"  °/  "'"^  P"vy,ash-pit,  cesspool,  or  midden,  extending 
etc.,  after  notice.  ^^'"^"^     partiallyunder  or  close  to  any  room  built  before  or  after  this  Act  comes 
mto  operiition,  sluUl,  witlim  one  mouth  uftor  notice  to  that  efiect  by  the  Com- 
missionor.s,  remove  or  cleanse  and  build  up  the  same. 
comors*°on  of Section  255.  Whore  any  privy,  ash-pit,  or  cesspool  is  certified  by  the  M.  0  H 
privies'into        *"      prejudicial  to  health,  of  defective  construction,  or  without  drainage,  or  in  a 
water-closets.     bad  state  of  repair,  or  to  be  so  situate  that  the  removal  of  filth  or  refase  there- 
from is  prejudicial  to  health,  the  Commissioners,  by  written  notice,  may  require 
the  owner,  within  a  reasonable  time  specified  in  the  notice,  to  reconstruct,  or 
alter,  or  repair  the  same,  or  to  convert  the  privy  into  a  water-closet  or  earth- 
closet,  to  the  satisfaction  of  the  Commissioners  ;  and  the  Commissioners  ma\- 
if  they  think  fit,  order  the  removal  of  such  privy,  ash-pit,  or  ce.sspool 
e^rth  dosetslnd  •     ^^'^  u?-*^  P^*  ^l""  Commissioners  may  order  the  owner  or  occupier  of  any 
urinais  to  be  Public-house,  beerhouse,  eatmg-house,  cook-shop,  or  other  place  of  public 

attached  to  entertamment  or  amusement,  built  before  or  after  this  Act,  to  provide  within 
pubhcliouses,  such  time  as  the  Commissioners  think  fit,  and  thenceforward  to  maintain  upon 
or  adjommg  his  premises,  one  or  more  water-closets,  earth-clo.sets,  and  urinals, 
to  the  satisfaction  of  the  Commissioners.  Failure  to  comply  involves  a  penalty 
for  the  offence  and  for  daily  continuance.  The  Commissioners  may  order  the 
owner  and  occupier  of  any  premises  to  remove  any  such  convenience  belonging 
thereto,  where  it  appears  to  them  so  situated  or  so  constructed  as  to  be  a 
niusance  or  offensive  to  pubUe  decency,  or  otherwise  objectionable  ;  and  all 
such  urinals  shaU  be  cleansed  once  in  24  hours  by  the  occupier  of  the  house  or 
place  to  which  they  belong,  to  the  satisfaction  of  the  Commissioners,  a  penalty 
attaching  to  any  default  thereof.  (Of.  section  44,  PubUc  Health  Acts  Amend- 
ment Act,  1907,  for  England.) 

Cleansing  and  Scavenging  and  Removal  of  Refuse. 
Public  Health  (Scotland)  Act,  1897. 

OTdro^lt^"t°n L  J  declares  that  any  accmnulation  or  deposit,  includmg  anv 

deemed  a  deposit  of  mineral  refuse,  which  is  a  nuisance  or  injurious,  or  dangerous  to 

nuisance.  health,  or  any  deposit  of  offensive  matter,  refuse,  or  offal,  or  manure 

(other  than  farmyard  mani.u-e  or  manure  from  byres  or '  stables,  or 
spent  hops  from  breweries),  witlim  50  yards  of  any  pubUc  road  wherever 
situated,  or  any  offensive  matter,  refuse,  or  offal,  or  mamu-e  other  than  afore- 
said contained  in  uncovered  trucks  or  waggons  standmg  or  being  at  any  station 
or  siding  or  elsewhere  on  a  railway  or  in  canal-boats  so  as  to  be  a  nuisance  or 
injurious  or  dangerous  to  health— shall  be  deemed  to  be  a  nuisance  imder  this 
Act ;  but  a  penalty  shall  not  be  imposed  on  any  person  in  respect  of  am- 
accumulation  or  deposit  necessary  for  the  effectualcarrying  on  of  any  busine.'^s. 
trade,  or  manufacture,  if  it  be  proved  to  the  satisfaction  of  the  Court  that  such 
accumulation  or  deposit  has  not  been  kept  longer  than  is  necessary  for  the 
purposes  of  the  business,  and  that  the  best  available  means  have  been  taken  for 
preventing  injury  or  danger  thereby  to  the  pubhc  health. 
hoTseand^street  u  Enacts  that  the  removal  of  house-refuse  and  street-refuse 

refuse  to  be  an  "y  *  Local  Authority  when  collected  and  deposited  by  such  Authority  or  by 
offensive  busi-  any  person  authorised  by  such  Authority,  shaU  be  deemed  to  be  a  business 
(offensive)  carried  on  by  that  Authority  within  the  meaning  of  this  Act,  and  a 
complaint  or  proceedings  in  relation  thereto  may  be  made  or  taken  bv  the 
County  Council  of  the  district,  other  than  a  biu-gh,  where  such  business  is  carried 
on,  or  in  the  case  of  any  district,  by  any  person  authorised  by  the  L.  G.  Board  in 
like  manner  as  if  such  County  Council  or  such  person  were  a  Local  Authority. 

(2)  Any  premises  used  by  a  Local  Authority  or  by  any  person  authorised  b^ 
them,  for  the  treatment  or  disposal  of  any  street-refuse  or  house-refuse,  a-^ 
distinct  from  the  removal  thereof,  which  are  a  nuisance  or  injurious  or  dangerou.< 
to  health,  shall  be  a  nuisance  under  this  Act,  and  for  the  purpose  of  the  applic.v- 
tion  thereto  of  the  provisions  of  this  Act  relating  to  .such  nui.sances  the  Coiint>- 
Council,  m  the  case  of  a  district  other  than  a  burgh,  and  any  person  authoriseil 
by  the  L.  G.  Board  shall  bo  deemed  a  Local  Authority. 
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Section  40.  Empowers  a  Local  Authority  to  cause  owner  or  occupier  of  a 
filthy  house  to  cleanse  and  purify  the  same. 

This  section  has  been  taken  from  Section  4G  of  the  Public  Health  Act  for 
England,  1875  (see  p.  340),  but  with  this  difference,  that  in  English  law  the  Local 
Authority  can  only  take  action  on  the  certificate  of  a  M.  O.  H.  or  of  two  medical 
prtictitioners. 

Section  42.  Notice  may  be  given  by  any  Local  Authority  (by  public  announce-  Notice  may  be 

meat  in  the  district  or  otherwise)  for  the  periodical  removal  of  manure  or  other  ||.a\",ngi'ng^°'''^ 

refuse-matter  from  mews,  stables,  or  other  premises,  except  cattle-coiuts,  in  any  Districts  for 

special  scavenqinq  district,  and  where  any  such  notice  has  been  tjiven  and  when  periodical  re- 

'     ,  ,  1    11  1     T  1  1    .  IX    r     ii     moval  of  manure 

any  person  fails  so  to  comply,  such  person  shall  be  hable  to  a  penalty  tor  tlie  from  mews, 

offence  and  to  a  further  penalty  for  daily  continuance.    If  it  appears  to  the  stables,  etc. 

sanitary  inspector  that  any  such  accumulation  of  manm'e,  etc.,  ought  to  be 

removed,  he  shall  give  notice  to  the  owner  to  remove  the  same,  and  if  such  notice 

is  not  complied  with  within  48  hom'sfrom  the  service  thereof,  the  manure,  etc., 

shall  be  vested  in  and  shall  be  sold  and  disposed  of  by  the  Local  Authority,  and 

the  proceeds  thereof  shall  be  appUed  in  payment  of  the  expenses  incurred  in  the 

I'emoval  ;  the  sm-plus  (if  any)  shall  on  demand  be  paid  to  the  owner  of  the 

matter  removed,  and  if  the  proceeds  are  less  than  the  costs  of  removal,  the 

balance  may  be  recovered  simimarily  from  the  owner  ;  whom  faiUng,  from  the 

occupier  of  the  premises  by  the  Local  Authority. 

Special  Scavenging  Districts. 

Local  Government  (Scotland)  Act,  1894. 

Section  44.  (1)  Enacts  that  it  shall  be  lawful  in  a  county  for  a  Parish  Council  Requisition  for 
or  for  any  two  or  more  Parish  Councils  or  for  not  fewer  than  ten  parish  electors  g'^ffj'j  g"  °yg,^„ 
of  any  landward  parish  or  of  the  landward  part  of  any  parish  partly  landward  jug  District.  " 
and  partly  burghal,  to  make  a  requisition  in  writing  to  the  district  committee 
divided  into  districts,  calhng  upon  them  to  form  such  parish  or  parishes  or 
landward  part  of  a  parish  or  any  portion  or  portions  of  them  into  a  special 
district  for  the  following  purpose — viz. 

The  scavenging  of,  and  the  remov.al  of  dust,  ashes,  and  other  refuse  from  the 
streets,  roads,  footpaths,  lands  and  premises  in.  such  special  district,  and  the 
adoption  for  such  purposes  by  the  district  committee  of  the  County  Council,  or 
the  Coimty  Council,  as  the  case  may  be,  of  the  provisions  contained  in  sections 
107  to  127,  and  sections  253  to  255  inclusive,  of  the  Burgh  P(>lice  (Scotland)  ' 
Act,  1892,  or  any  one  or  more  of  the)n. 

(2)  Upon  such  requisition  being  received,  the  district  committee  or  the 
County  Council,  as  the  case  may  be,  shall  be  bound  to  meet  after  21  clear  days' 
notice,  shall  consider  the  propriety  of  forming  such  parish,  etc.,  into  a  special 
cUstrict,  and  shall  by  resolution  either  approve  or  disapprove  of  the  formation 
of  such  special  district  (which  shall  in  no  case  include  a  police  burgh  or  any 
portion  thereof)  for  the  purposes  stated  in  the  requisition,  and  if  they  approve, 
shall  define  the  boundaries  of  such  special  district  and  specify  which  of  the  pro- 
visions of  the  Burgh  PoUce  (Scotland)  Act,  1892,  are  to  be  adopted  therein. 
Such  resolution  shall  be  final,  subject  to  the  provisions  of  sub-section  3  of  this 
flection,  and  in  the  event  of  the  district  committee  or  the  Coimty  Council,  as 
the  case  may  be,  disapproving  of  the  formation  of  a  special  district 
as  proposed,  it  .shall  not  be  competent  to  make  requisition  to  the  same  effect 
until  after  the  expiration  of  12  months.  A  copy  of  every  such  resolution  shall 
bo  forthwith  published  in  one  or  more  newspapers  circulating  in  the  district, 
and  be  transmitted  to  the  L.  G.  Boai'd  and  to  the  County  Council. 

(3)  Where  the  proposed  special  district  is  co-extensive  with  or  comprises 
the  whole  or  part  of  the  area  of  any  special  drainage  or  water-supply  district 
formed  under  the  Public  Health  Acts,  the  consent  of  the  County  Council  shall  bo 
required  to  any  resolution  approving  of  the  formation  of  a  special  district  under 
this  .section,  and  in  giving  or  refusing  such  consent  the  County  Coimcil  shall  take 
into  consideration  the  whole  circumstances  of  the  case,  including  the  amount  of 
the  rates  levied  for  the  time  being  imder  the  Public  Health  Acts  and  the 
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Principal  Act  witliin  the  proposed  special  district,  and  the  County  Couaeil  may 
consent  to  the  resolution  oitlior  with  or  without  modifications. 

(4)  On  tlio  adoption  by  a  district  committee  or  County  Council,  as  tlio  case 
may  be,  of  any  of  the  fore-mentioned  provisions,  .such  provisions  shall  h&vc. 
effect  within  or  in  relation  to  the  special  district,  subject  to  the  provisions  of  the 
fonrtli  schedule  to  tliis  Act  annexed. 

The  Public  Health  (Scotland)  Act,  1897. 

Section  38.  Enacts  that  with  respect  to  the  formation  of  special  districts 
for  scavengmg,  and  other  pm-poses  under  section  44  of  the  Local  Government 
(Scotland)  Act,  1894— 

It  shall  be  competent  for  any  person  interested  to  appeal  to  the  Sheriff 
against  any  resolution  of  a  district  committee  or  Coimty  Council  as  the  case  may 
be,  under  sub-section  2  of  section  44,  and  all  tho  provisions  of  sub-.section  1  of 
section  122  of  this  Act  in.  regard  to  an  appeal  agahist  a  resolution  of  a  Local 
Authority  shall,  with  the  necessary  modifications,  apply  to  an  appeal  against  a 
resolution  of  a  district  committee  or  Coimty  Council  as  aforesaid  ; 

Provided  that  in  cases  to  which  sub-section  3  of  the  said  section  44  of  the 
Local  Government  (Scotland)  Act,  1894,  apphes,  an  appeal  to  the  Sheriff  shall 
not  be  competent  unless  the  resolution  has  been  disposed  of  by  the  County 
Coimcil  in  terms  of  that  sub-section. 

Where  the  boundaries  of  any  burgh  are  extended  so  as  to  include  the  whole 
or  part  of  any  such  special  district,  then  the  Town  Council  or  Burgh  Com- 
missioners shall,  as  regards  the  whole  of  such  special  district,  supersede  the  dis- 
trict committee  or  the  County  Council,  as  the  case  may  be,  in  the  administration 
of  the  Burgh  PoUce  (Scotland)  Act,  1892,  and  other  powers  in  regard  to  cleans- 
ing and  scavenging,  upon  such  terms  as  shall  be  agreed  between  the  Town  Coimcil 
or  Burgh  Commissioners  and  the  district  committee  or  County  Council,  as  the 
case  may  be,  or,  faiUng  agreement,  upon  such  terms  as  shall  be  fixed  by  the 
Sheriff,  whose  decision  shall  be  final. 

Burgh  Police  (Scotland)  Act,  1892  ;  Sections  107-127. 

Section  107.  The  dust,  night-soil,  dung,  ashes,  rubbish,  filth  and  manure, 
including  slaughter-house  manure,  whether  such  slaughter-house  is  or  is  not  the 
property  of  the  Commissioners  (excepting  always  cattle-dung,  mill-dust,  and 
the  ashes  of  any  engine,  furnace,  oven,  or  stove,  and  the  refuse  of  any 
breweries,  tanworks,  soap  or  chemical  or  other  work),  witliin  the  bm-gh,  shall 
be  vested  in  the  Commissioners,  who  shall  have  power  to  sell  and  dispose  of 
the  same,  and  shall  apply  the  money  therefrom  to  the  general  purposes  of 
this  Act ; 

And  the  Commissioners  shall  cause  all  streets  and  footpatlis  from  time  to 
time  to  be  properly  swept  and  cleansed,  and  all  the  dust,  night-soil,  rubbish, 
manure,  etc.,  which  is  foimd  on  them,  or  in  privies,  sewers,  cesspools,  houses,  or 
other  premises,  to  be  collected  and  removed  at  such  convenient  hours  and 
times  as  they  shall  deem  proper  ; 

And  in  all  cases  where  there  is  insufficient  access  for  a  cart  or  wheel-barrow 
to  the  dungshed,  ash-pit,  or  Tprhry,  the  owner  shall  provide  such  access  to  tho 
satisfaction  of  the  Commissioners.  FaiUng  so  to  do,  he  shall  pay  the  extra 
expenses  of  the  removal  of  contents  of  same  as  the  same  shall  be  fixed  by  the 
Commissioners. 

Section  108.  The  Commissioners  may  from  time  to  time  provide  phiccs 
convenient  for  the  deposit,  treatment,  and  disposal  of  the  matters  collected  as 
aforesaid,  and  for  the  hoasing  of  horses,  vehicles,  and  implements  required  for 
the  purposes  of  this  Act. 

For  any  of  such  purposes  the  Commissioners  may  purchase  or  hire  anj-  lands 
or  premi.ses  considered  by  them  necessary,  either  within  or  beyond  the  boundaries 
of  the  burgh,  and  may  acquire  said  lands  and  premises  otherwise  than  by  agree- 
ment under  the  Lands  Clauses  Acts  with  tho  authority  of  the  L.  G.  Board,  or 
they  may  erect  any  now  buildings,  machinery,  appliances,  and  plant  upon  any 
lands  so  purchased  or  laired  by  them. 
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Section  109.  The  Contmissioners  may  cause  carts,  having  a  covering  proper  Removal  ofdust, 
to  prevent  tlio  escape  of  the  contents  thereof,  to  pass  through  any  street  or  ^^"^^^^  byBh? 
district  every  morning  between  such  hours  as  may  be  fixed  by  tliem,  for  the  Service, 
purpose  of  collecting  and   removing   the   material  composing  the  bui'gh 
refuse   from  the  lands  and  premises   in  and  adjoining   such   street  or 
district  ; 

And  may  by  public  notice  in  one  or  more  newspapers  published  or  circulat- 
ing, in  the  "burgh,  or  by  handbills  posted  in  such  street  or  district,  require 
occupiers  \^'ithin  and  adjoining  such  street  or  district  to  cause  all  their  material 
to  be  deposited  in  a  suitable  box  to  be  approved  of  by  the  inspector  of  cleans- 
ing and  placed  daily  on  the  outer  side  of  the  foot-pavement  opposite  the 
premises  occupied  by  them,  or  at  such  other  place  near  thereto  as  the  said 
inspector  shall  appoint,  not  later  than  the  time  fixed  ; 

And  when  such  daily  service  is  in  operation  in  any  such  street  or  district, 
the  Commissioners  may  direct  any  ash-pit  in  connection  witli  premises  therein  or 
adjoining  thereto  to  be  shut  up  or  removed  ;  failme  to  comply  with  such  notice 
to  be  followed  by  a  penalty. 

Section  110.  Commissioners  may  erect  or  continue  pubUc  water-closets  Commissioners 
or  earth-closets,  and  latrines  and  urinals  in  suitable  places,  and  may  place  "f^ifgcon. 
movable  or  fixed  boxes  for  temporary  deposit  of  street-sweepings  in  any  street  veniences  and 
in  such  situation  as  they  may  deem  shall  cause  the  least  inconvenience  ^*^^gg*^ 
nuisance. 

Section  111.  Commissioners  shall,  as  often  as  they  thinly  necessary,  cause  Streets  to  be 
the  streets  to  be  watered,  and  may  contract  for  a  supply  of  water  from  any  '^^'atered. 
water-company  or  person  for  that  purpose  ;  and  if  necessary,  may  place  pipes 
or  other  necessary  apparatus  in  any  street  for  that  piu-pose. 

Section  112.  Commissioners  shall  employ  a  sufficient  number  of  scavengers.  Appointment  or 
or  contract  with  any  person  for  sweeping,  cleansing,  or  watering  the  streets,  "jg^*  °^ 

and  for  removing  refuse,  and  for  emptying  privies,  etc.  ;    and  every  such 
contractor  who  fails  to  discharge  his  diity  shall  be  hable  to  a  penalty. 

Section  113.  Enacts  a  penalty  against  any  person  who  obstructs  scavengers  Penalty  for  ob- 
in  the  performance  of  then-  duty  or  who  refuses  to  permit  them  to  remove  sga"\'^ngers. 
refuse. 

Section  114.  Makes  it  an  offence  for  any  person  other  than  those  em- Penalty  on 
ployed  by  the  Commissioners  for  that  pvu-pose  to  collect  and  remove  refuse  ^,ia^fscaveng'ers 
materials.  removing  refuse. 

Section  115.  The  occupiers  of  every  house,  flat,  or  storey  having  entrance  Sweeping  and 
by  a  common  stair,  shall  cause  the  landing  and  the  stair  immediately  below  ^^^^If^  ItsLhs 
the  flat  possessed  by  them  to  be  kept  clean  to  the  satisfaction  of  the  sanitary  passages,  etc. ' 
inspector.    If  any  flat  be  imoccupied,  the  occupiers  of  the  flats  above  shall 
cause  the  landings  and  stairs  below,  leading  to  such  empty  flat,  to  be  kept  clean 
and  washed  downwards  to  the  next  house  which  is  occupied  ;  and  if  the  top 
flat  be  unoccupied,  then  the  stair  leading  thereto  shall  be  kept  clean  by  the 
occupier  of  the  flat  immediately  below  ; 

And  any  water-closet  or  other  closet  used  in  common,  and  any  passage 
to  an  area  or  back  green,  or  any  ground  used  in  common,  shall  be  kept  clean 
and  washed  by  the  occupants  of  the  several  hoiuses  in  such  tenement  in  weekly 
rotation  ; 

And  all  areas  and  common  passages  leading  to  cellars  shall  be  cleansed 
weekly  by  the  occupiers  of  the  cellars. 

In  cases  where  the  common  stair  enters  from  or  off  a  street  above,  the 
occupiers  of  every  house,  flat,  or  stoi-ey  shall  keep  clean  the  passage  and  stair 
from  such  street  or  flat  immediately  above  them  downwards  to  the  house  or 
flat  or  storey  possessed  by  them,  and  cleanse  any  area  or  passage  leading 
to  any  ground  or  back  gi-een  connected  therewith  ; 

And  if  any  flat  of  the  tenement  be  unoccupied,  the  occupiers  of  the  flats 
occupied  shall  keep  clean  the  stair  and  passages  upwards  to  such  street,  and 
clean  the  area,  if  there  bo  one,  or  to  the  next  occupied  house  ;  and  owners  or 
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peraonfi  liaving  charge  of  houses  or  buildings  shall  clean  out  unoccupied  cellars 
and  aparfcinoiits. 

The  <)ccupior.s  of  every  liou.so  or  building  having  entrance  from  a  corniiion 
passage  sliall,  in  weekly  rotation,  cau.se  such  passage  and  stops  to  the  street 
to  be  kept  clean  ;  provided  always,  tliat  where  there  is  no  house  or  other 
occupied  building  liaving  entrance  from  such  passage,  the  duty  of  keepinir 
clean  the  passage  and  steps  to  such,  street  shall  fall  upon  the  occupiers  of  the 
several  flats  above,  in  weeldy  rotation.  Failure  of  duty  in  any  of  the  above 
respects  to  be  followed  by  a  penalty. 

Section  116.  Commissioners  shall  keep  properly  swept  and  cleaned  the 
foot-pavement  of  every  street,  so  far  as  is  reasonably  practicable,  and  shall 
collect  and  remove  from  the  same,  so  far  as  is  reasonably  practicable,  all  dust, 
ashes,  rubbish,  filth,  and  snow. 

Section  117.  Owners  of  all  common  stairs  and  common  passages  shall 
whitewash,  or  at  option  of  the  owner,  paint  the  same  once  every  year  if 
reqvoired  to  do  so  by  the  sanitary  inspector,  and  owners  of  all  premises  occupied 
as  dwelling-houses  let  for  periods  shorter  than  six  months  shall  whitewash 
such  premises,  every  part  and  pertinent  thereof,  to  the  satisfaction  of  the 
sanitary  inspector  once  every  year  if  so  required  by  such  officer  ;  penalty  in 
case  of  faiku-e. 

Section  118.  It  shall  be  lawful,  at  all  reasonable  times,  for  the  burgh 
SOTveyor,  inspector  of  cleansmg,  medical  officer  of  health,  and  sanitary 
mspector  to  enter  all  dwelUng-houses  and  other  premises,  where  he  has  reason 
to  believe  that  they  are  not  in  a  cleanly  condition,  and  to  cleanse  and 
purify  the  same,  at  the  expense  of  the  owner  if  they  are  unoccupied,  but 
if  occupied,  at  the  expense  of  the  occupier  ;  Provided  always  that  if  the 
owner  or  occupier  shall  object  to  the  entrance  of  such  surveyor  or  other 
officer  named,  it  shall  not  be  lawful  to  enter  without  a  warrant  from  the 
magistrate  authorising  him  so  to  do,  and  the  magistrate  is  hereby  authorised 
to  grant  such  warrant. 

Section  119.  Every  person  occupying  any  part  of  a  building  let  out  as 
separate  dwelling-houses  who  shall  keep  the  same  in  a  dirty,  imwholesome, 
or  unhealthy  condition,  after  notice  has  been  served  upon  him  by  the  sanitary 
inspector  to  cleanse  the  same,  shall  be  Uable  to  a  penalty  for  the  offence  and  to  a 
further  penalty  for  daily  continuance. 

Section  120.  All  private  courts,  yards,  areas,  roofs  of  outbuildings  in  the 
same,  and  other  places  not  cleansed  by  scavengers  appointed  under  this  Act. 
shall  be  kept  clean  to  the  satisfaction  of  the  inspector  of  cleansing  or  sanitary 
inspector  by  or  at  the  expense  of  the  occupiers  of  the  same.  If  such  private 
courts,  etc.,  shall  not  be  so  kept  clean,  the  occupiers,  or  such  of  them  as  are 
the  real  offenders,  shall,  in  addition  to  paying  the  expense  of  cleaning  the 
same,  be  hable  to  a  penalty  ;  or,  if  the  Commissioners  think  fit,  they  may 
cleanse  all  such  private  courts,  etc.,  and  charge  the  expense  thereof  "to  the 
burgh  general  assessment,  or  if  the  property  is  unoccupied,  may  charge  the 
expense  thereof  to  the  o\vners. 

Section  121.  All  stables  and  byres  and  areas  connected  therewith,  and 
roofs  of  outhouses,  shall  be  constantly  kept  in  a  clean  condition  satisfactory 
to  the  inspector  of  cleansing  or  sanitary  inspector  by  the  occupier  thereof, 
under  a  penalty. 

It  shall  be  the  duty  of  the  inspector  from  time  to  time  to  examine  the 
state  of  all  such  places,  with  a  view  to  enforcing  tliis  enactment. 

Section  122.  It  shall  not  be  lawful  to  deposit,  except  for  removal,  any 
cattle-dung  upon  the  streets  (mews  or  stable-lanes  excepted)  ;  and  no  cattle- 
dung,  wherever  lawfully  kept,  .shall  bo  mixed  with  dung,  soil,  dirt,  ashes,  or 
filth  declared  by  this  Act  to  be  the  property  of  the  Commissioners  ; 

Where  any  cattle-dung  shall  be  found"  in  a  street,  or  shall  be  so  mixed,  the 
mspector  of  cleansing  shall  take  possession  of  it  and  .sell  it,  the  proceeds  of  such 
sale  to  be  accounted  for  and  applied  for  pohce  purposes. 
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Section  123.  It  shall  be  lawful  for  the  Commissioners,  after  inspection  and  Dmigsteads, 
report  by  the  chief  coiistable  or  inspector  of  cleansing  or  sanitary  inspector,  cJea'„e°i  o^,t  at 
to  regulate  and  hmit  the  time  within  which  all  common  necessaries  and  dung-  lixed  times, 
steads  shall  be  emptied  and  cleaned  out. 

If  any  person,  imder  obligation  by  contract  or  otherwise  to  empty  and 
clean  out  such  places,  shall  fail  so  to  do  within  the  time  limited,  he  shall  be 
liable  to  a  penalty,  besides  forfeiture  of  the  dimg  ;  said  dung  being  removed 
and  disposed  of  as  aforesaid. 

Section  124.  Every  person  who  shall  \ay,  or  cause  to  be  laid,  on  any  street  As  to  removal  of 
any  dmig  or  maniu'e,  or  hay  or  straw,  for  the  purpose  of  removal,  shall  remove  "^""5- 
the  same  before  8  a.m.  of  the  morning  of  the  day  on  which  it  has  been  laid, 
from  1st  October  to  1st  April,  and  before  7  a.m.  from  1st  April  to  1st  October. 
If  the  dung,  etc.,  shall  be  allowed  to  remain  on  the  street  after  said  hom-s,  the 
j)erson  offending  shall  be  liable  to  a  penalty. 

Section  125.  Commissioners  may  from  time  to  time  fix  the  hours  within  Penalty  for  con- 
which  only  it  shall  be  lawful  to  remove  any  offensive  matter  from  any  premises  J^atter  aUra- 
within,  into,  or  through  the  biu-gh  ;   and  when  such  hom-s  shall  have  been  proper  times, 
fixed,  it  shall  be  an  offence  to  do  so  at  any  other  hours. 

Any  person  who  at  any  time,  whether  such  hom-s  have  been  fixed  by  the 
Commissioners  or  not,  uses  for  any  such  purpose  any  vehicle  not  having  a 
covering  proper  for  preventing  the  escape  of  the  contents  of  such  vehicle  or 
of  the  stench  thereof,  or  who  wilfully  or  negligently  spills  any  offensive  matter 
in  the  removal  or  passage  thereof,  or  who  does  not  carefully  sweep  and  cleanse 
every  place  in  which  s-ach  offensi\-e  matter  has  been  placed  or  unavoidably 
spilled,  shall  be  liable  to  a  penalty  ;  and  in  default  of  the  actual  offender,  the 
clri\  er  or  person  in  charge  shall  be  deemed  the  offender. 

Section  126.  It  shall  not  be  imlawful  for  any  person  to  lay  down  on  any  As  to  laying 
field,  nursery,  or  garden  groimd  any  dimg  or  manure,  for  the  purpose  of  manur-         dung  on 
ing  the  same  ;  but  if  in  any  case  the  M.  O.  H.  shall  certify  that  any  mahitre  ca^rden^^^^^' 
laid  down  in  any  such  place  within  the  burgh  is  offensive  or  prejudicial  to  health,  grounds, 
the  magistrate  may  order  it  to  be  removed  and  otherwise  disposed  of  forth- 
with ;  failure  to  comply  to  be  followed  by  a  penalty. 

Section  127.   Commissioners  shall   have   power   to  make  bye-laws  for 
enforcing  the  provisions  of  the  preceding  sections  with  reference  to  cleansing. 

ENGLAND— LAW  AS  TO  SEWERS  AND  SEWERAGE 

In  order  to  avoid  needless  repetition,  those  sections  of  the  Public  Health 
Acts  for  England  which  conform  in  meaning,  and,  it  may  be,  in  phraseology, 
to  sections  in  the  PubUc  Health  Acts  for  Scotland,  will  be  dealt  with  by 
referring  the  reader  to  the  corresponding  number  of  the  section  in  the  latter 
Acts. 

Public  Health  Act,  1875. 

Section  4.  Defines  the  terms  "  sewer  "  and  "  dx-ain  "  {vide  p.  262). 

Section  13.  Corresponds  to  s.  101,  P.H.  (Scot.)  Act,  1897  (p.  315).  Sewers  vested  in 

Section  14.  Corresponds  to  s.  102,  „  „  (p.  315).  j^- 

Sections  15,  16,  17,  18,  19  correspond  to  s.  103,  P.H.  (Scot.)  Act,  1897  purchase  sowers. 

(p.  315).  Mailing  of 

The  terms  of  section  17  are  as  follows  :  Powers  for 

"Nothing  in  this  .Act  shall  authorise  any  Local  Authority  to  make  or  use  making  sewers. 

any  sewer,  drain,  or  outfall  for  the  piu-pose  of  conveying  sewaee  or  filtliv  water  Sewage  to  bo 
.  .  i.      1   4.  i  •  i.  ,         ,       11         ^1  pui'illed  before 

mto  any  natural  stream  or  water-cour.se,  or  mto  any  canal,  pond,  or  lake,  until  entering  a 

such  sewage  or  filthy  water  is  freed  from  all  oxcremontitious  or  other  foul  or  stream, 
noxious  matter  such  a^  would  affect  or  deteriorate  the  purity  and  quality  ,fiscoi^tim!an^^^ 
of  the  water  in  such  atreain  or  water-cour.so  or  in  such  canal,  pond,  or  of  sewers, 
lake."  Cleansing 

Section  20.  Every  Urban  Authority  may,  if  they  think  fit,  provide  a  map  ji.ipo*t" system 
exhibiting  a  system  of  sewerage  of  their  district,  such  map  to  be  kept  in  their  of" sewerage! 
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Power  to  drain 
into  sewers  of 
Local  Authority 
(21). 

Use  of  sewers 
by  owners  and 
occnpiers  with- 
out  District  (22). 
Power  of  L.  A.  to 


office,  and  to  be  open  at  all  reasonable  times  to  inspection  of  ratepayers  of  their 
district. 

Corre.sponds  to  s.  210  Burgh  Police  (Scotland)  Act,  1892. 
Section  21.  Corresponds  to  section  110  of  P.  H.  (Scot.)  Act,  1897  (p.  31(5). 
Section  22,  Corresponds  to  section  11 1  of  ,,  (p.  31(j). 

Section  23.  Coi-responds  to  section  120  of  ,,  „  (p.  317). 

238  of  B.  P.  (Scot.)  Act,  1892  (p.  325). 
Section  24.  Where  any  house  within  the  district  of  a  Local  Authority  has  a 

di'ain  communicating  with  any  sewer,  which  drain  though  sufficient  for  the  efTee- 
enforce"cIrainage  tu^^l  drainage  of  the  house  is  not  adapted  to  the  general  sewerage-systera  of  the 
of  undrahied  district,  or  is  in  the  opinion  of  the  L.  A.  otherwise  objectionable,  the  L.  A.  may,  on 
PoweTof  L  A  to  «oii^i*ionof  providing  a  drain  as  effectual  for  tlie  drainage  of  tlie  hoase  and  corn- 
require  houses  to  municating  with  such  other  sewer  as  they  think  fit,  close  such  first-mentioned 
be  drained  into  di'ain,  and  may  do  any  works  necessary  for  that  purpose,  the  exjjenses  of  so 
doing  to  be  deemed  expenses  properly  incurred  by  them  in  execution  of  this  Act. 

Section  25.  It  shall  not  be  lawful  in  any  ur-ban  district  newly  to  erect  any 
house  or  to  rebuild  any  house  wliich  has  been  pulled  down  to  or  below  the 
groimd-floor,  or  to  occupy  any  such  house,  vmless  and  imtil  a  covered  drain 
or  drains  be  constructed,  of  such  size  and  materials  and  of  such  level  and  with 
such  fall  as  on  the  report  of  the  surveyor  may  appear  to  the  Urban  Authority 
to  be  necessary  for  the  effectual  drainage  of  such  house  ; 

And  the  drain  or  drains  so  constructed  shall  empty  into  any  sewer  which 


new  sewers  (24). 

Penalty  on 
building  house 
without  drains 
in  Urban 
District. 
Penalty  on 
unauthorised 
building  over 
sewers  and  under 


Districts  (26). 
Powers  for 
disposal  of 
sewage  (27). 
Power  to  agree 
for  communica- 
tion of  sewers 
with  sewers  of 
adjoining 
District  (28). 
Power  to  deal 
with  land  apprO' 
priated  to  sew- 
age-purposes 
(29). 

Contribution  to 
works  under 
Agreement  for 
supply  or  distri- 
bution of 
sewage  (30). 
Works  of  distri 


streets  in  Urban       Urban  Authority  are  entitled  to  use,  and  which  is  within  100  feet  of  some 
part  of  the  site  of  such  house  ; 

But  if  no  such  means  of  drainage  are  within  that  distance,  then  such  drain 
shall  empty  into  such  covered  cesspool  or  other  place,  not  being  under  anv 
house,  as  the  Urban  Authority  shall  direct. 

{Of.  sections  238,  239,  and  240  of  the  B.  P.  (Scot.)  Act,  1892  (pp.  325-6). 
Section  26.  Corresponds  to  section  114  of  P.  H.  (Scot.)  Act,  1897  (p.  317), 
and  to  section  228  of  B.  P.  (Scot.)  Act,  1892  (p.  321). 
Section  26.  Applies  to  iirban  districts. 

Section  27.  Corresponds  to  section  108  of  P.  H.  (Scot.)  Act,  1897  (p.  31fi). 
Section  28.  The  Local  Authority  of  any  district  may,  bj'-  agreement  with  the 
Local  Authority  of  any  adjoining  district,  and  with  the  sanction  of  the  Local 
Government  Board,  cause  their  sewers  to  communicate  -with  the  sewers  of 
such  last-mentioned  Authority,  in  such  manner  and  on  such  terms  and  subject 
to  such  conditions  as  may  be  agreed  on  between  the  Local  Authorities,  or,  in 
case  of  dispute,  may  be  settled  by  the  L.  G.  Board. 

Provided  that  so  far  as  practicable  storm-waters  shall  be  prevented  from 
bution  of  V  ^O'^i^g  from  the  sewers  of  the  first-mentioned  Authority  into  the  sewers  of 
to  bede°eraeda^''  the  last-mentioned  Authority,  and  that  the  sewage  of  other  districts  or  places 
land  improve- 
ment (31). 
Notice  to  be 
given  before 
commencing 
sewage-works 
without 
District  (32). 
In  case  of  objec- 
tion, works  not 
to  be  commenced  /  oio\ 
without  sanction  ^P'  "'J-"') 
of  h.  G.  Board 
(33). 

Inspector  to 
hold  in(|uiry 
and  report  to 
L.  G.  Board  (31). 
Incorporation  of 
Provisions  of 
Towns  Improve- 
ment Clauses 
Act,  1847  (100). 


shall  not  be  permitted  by  the  first-mentioned  Authority  to  pass  into  their 
sewers  so  as  to  be  discharged  into  the  sewers  of  the  last-mentioned  Authority 
without  the  consent  of  such  last-mentioned  Authority. 

{Cf.  section  121  of  the  P.  H.  (Scotland)  Act,  1897  (p.  318).) 
Section  29.  Corresponds  to  section  108  of  P.  H.  (Scot.)  Act,  1897  (p.  316.), 
with  the  exception  that  section  29  applies  to  lands  held  bv  a  Local  Authority. 
Section  30.  Corresponds  to  section  108  of  P.  H.  (Scot.)  Act,  1897  (p.  316). 
Section  31.  Is  identical  in  terms  to  section  123  of  P.  H.  (Scot.)  Act,  1897 


As  to  Sewage-Works  without  District 


Section  32. 
Section  33. 
Section  34. 


Corresponds  to  section  104  of  P.  H.  (Scot.)  Act,  1897  (p.  31/)). 
Identical  with  section  105  of  P.  H.  (Scot.)  Act,  1897  (p.  316). 
Identical  with  section  106  of  P.  H.  (Scot.)  Act,  1897  (p.  316). 
Section  160.  Enacts  that  the  provisions  of  the  Towtis  Improvement  Clauses 
Act,  1847,  witli  respect  to  precautions  during  the  construction  and  repair  of 
sewers,  shall  for  urban  districts  be  incorporated  with  tliis  Act. 
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Section  235.  Gives  power  to  a  Local  Authority  possessed  of  any  land,  works,  Power  to  borrow 

or  other  property  for  the  piu'poses  of  sewaare  disposal  pursuant  to  this  Act,  °"  credit  of 

-  J.!  J -i    £       1  1      ,       1        1  ■  sewage  land  and 

to  borrow  monies  on  the  credit  ot  such  land  and  works.  plant. 

Section  279.  Enacts  that  where,  on  the  apphcation  of  the  Local  Authorities  Formation  of 

of  any  urban  or  rural  districts,  it  appears  to  the  L.G.  Board  that  it  would  be  United  Districts. 

for  the  advantage  of  such  districts,  or  any  of  them,  or  any  parts  thereof,  or  of 

any  contributory  places  in  any  rm-al  district  or  districts,  to  bo  formed  into  a 

united  district  for  the  making  a  main  sewer,  oj'  carrying  into  effect  a  system  of 

sewerage  for  the  iise  of  all  such  districts-  or  contributory  places,  the  L.  G.  Board 

may  by  provisional  order  form  sucli  districts  or  contributory  places  into  a 

united  district. 

Section  327.  Nothing  in  this  Act  shall  be  construed  to  authorise  any  Local 
Authority — ■ 

(1)  To  use,  injure,  or  interfere  with  any  sluices,  flood-gates,  sewers,  sea- 

defences,  or  other  works,  made  or  to  be  made  by  any  Commissioners 
of  Sewers  appointed  by  the  Crown,  or  any  sewers  or  other  works 
made  and  to  be  made  and  used  by  any  persons  for  draining,  pre- 
serving, or  impro\dng  land  under  any  local  or  private  Act  of  Parha- 
ment,  or  for  the  purpose  of  irrigating  land,  without  duly  authorised 
consent  so  to  do. 

Section  331.  Provides  that  any  body  of  persons  or  any  person  authorised 
by  Act  of  Parhament  to  navigate  navigable  waters  or  to  exact  dues  for  navigable 
purposes,  may  at  their  own  expense,  and  on  substituting  other  sewers,  drains, 
culverts,  and  pipes  equaUy  effectual  and  certified  as  such  by  the  Surveyor  of 
the  Local  Authority,  take  up,  divert,  or  alter  the  level  of  any  sewer,  etc.,  con- 
structed by  the  Local  Authority  and  .  .  .  may  do  all  such  things  as  may  be 
necessary  for  carrying  such  into  effect. 

This  section  corresponds  to  section  189  of  the  P.  H.  (Scot.)  Act,  1897. 
II.  Public  Health  Acts  Amendment  Act,  1890. 

Part  I.  of  this  Act  extends  to  England  and  Wales  and  Ireland,  exclusive  of 
the  Coimty  of  London. 

Parts  II.,  III.,  IV.,  and  V.  are  adoptive. 

An  urban  Authority  may  adopt  all  or  any  of  the  parts  ;  a  rural  Authority 
may  adopt  part  III.  so  far  as  this  Act  declares  that  part  applicable  to  such 
Authority  :  the  adoption  to  be  by  resolution  of  a  Local  Authority  at  a  meeting 
held  after  a  notice  of  at  least  one  calendar  month  of  the  intention  to  propose 
such  a  resolution  has  been  sent  to  each  member,  the  resolution  to  be  duly 
published,  and  a  copy  thereof  to  be  sent,  (1)  where  any  part  is  adopted,  to 
the  Local  Government  Board,  (2)  where  part  II.  is  adopted,  to  the  Board  of 
Trade,  and  (3)  where  part  IV.  is  adopted,  to  a  Secretary  of  State.  The  Local 
Government  Board  is  empowered  by  section  5  to  extend  the  Act  to  rural  districts. 

Part  III.  deals  with  sanitary  and  other  provisions. 

Section  16.  Is  identical  with  section  117  of  the  P.  H.  (Scot.)  Act,  1897  I",iurious 
(p.  317).  matters  not  to 

'  1  .  _  .  .  be  passed  into 

oection  II.  (I)  JBjvery  person  who  turns  or  permits  to  enter  into  any  sewer  sewers (it5). 

of  a  Local  Authority  or  any  drain  communicating  therewith —  Chemical  refuse, 

(a)  Any  chemical  refuse,  or  to''be'tunied"°'^ 

(b)  Any  waste  steam,  condensing  water,  heated  water  or  other  hquid  (such  into  sewers  (IT). 

water  or  other  liquid  being  of  a  higher  temperatiu-e  than  110°  F.) 
which,  either  alone  or  in  combination  with  the  sewage,  causes  a  nuisance  or  is 
dangerous  or  injurious  to  health,  shall  be  liable  to  a  penalty  and  to  a  daily 
penalty. 

(2)  The  Local  Authority  by  any  of  their  officers,  either  generally  or  specially 
authorised  in  that  behalf  in  writing,  may  enter  any  premises  for  the  purpose  of 
examining  whether  the  provisions  of  this  .section  are  being  contravened,  and  if 
such  entry  be  refused,  any  justice,  on  complaint  on  oath  by  such  officer  made 
after  reasonable  notice  in  writing  of  such  intended  complaint  has  been  given  to 
the  person  having  custody  of  the  premises,  may  by  order  require  such  person  to 
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admit  the  officer  into  the  premises,  and  if  it  be  proved  that  any  offence  under 
this  section  has  been  or  is  being  committed  in  respect  of  tiie  premises,  the  order 
shall  continue  in  force  imtil  tlio  offence  shall  have  ceased  or  the  work  necessary 
to  prevent  the  recurrence  thereof  sliall  liave  been  executed.  {Cf.  section 
7  of  Rivers  Pollution  (Prevention)  Act,  187G  (p.  309).) 
Provision  ns  to         Section  18.  (1)  Where  the  owner  or  occupier  of  any  premises  is  entitle] 

makiMgcom-'      *°  ^"'"''^'^  ^""^^  '^^"^''^       ^^^^"^"^  promises  to  communicate  witli  any 

imiiiicution  with  sewer  of  the  Local  Authority,  the  Local  Authority  shall,  if  requested  to  do  so 
(Traill's  and  '^"^^^  occupier,  and  upon  the  cost  thereof  being  paid  in  advau-  , 

sewers.  ^^^^  Local  Authority,  themselves  make  the  communication  and  execute  all 

works  necessary  for  that  purpose. 

(2)  The  cost  of  making  the  commimication  shall  be  estimated  by  the 
Siurveyor  -of  the  Local  Authority,  but  in  case  the  o^vner  or  occupier  is  dis- 
satisfied with  such  estimate,  he  may,  if  the  e.stimate  is  under  £50,  apply  to  a 
court  of  summary  jm-isdiction  to  fix  the  amount  to  be  paid  for  such  cost,  and 
if  the  estimate  is  over  £50,  have  the  same  determined  by  arbitration  in  the 
manner  provided  by  the  Public  Health  Acts. 

(3)  A  Local  Authority  may  agree  with  the  owner  of  any  premises  that  any 
sewer  or  drain  which  such  owner  is  required,  or  desires,  to  make,  alter,  o'r 
enlarge,  or  any  part  thereof,  shall  be  made,  altered,  or  enlarged  by  the  Local 
Authority. 

Exten.sionof  Section  19.  (1)  Where  two  or  more  houses  belonging  to  different  owners 

Public  Health  connected  with  a  pubUc  sewer  by  a  single  private  drain,  an  apphcation 

Act,  18T5.  may  be  made  under  section  41  of  the  Pubhc  Health  Act,  1875  (relating  to  com- 

plaints as  to  nuisances  from  drains),  and  the  Local  Authority  may  recover  anv 
expenses  incm-red  by  them  in  executing  any  works  imder  the  powers  conferred 
on  them  by  that  section  from  the  owners  of  the  houses  in  such  shares  and  pro- 
portions as  shall  be  settled  by  their  siu-veyor  or  (in  case  of  dispute)  by  a  comt  of 
summary  jiu'isdiction. 

(2)  Such  expenses  may  be  recovered  summarily  or  may  be  declared  by  the 
Urban  Authority  to  be  private  improvement  expenses  under  the  Public  Health 
Acts,  and  may  be  recovered  accordingly. 

(3)  For  the  purposes  of  this  section  the  expression  "  drain  "  includes  a 
drain  iised^or  the  drainage  of  more  than  one  building. 

The  provisions  in  Part  III.  of  this  Act  wlaich  apply  to  rural  Sanitary 
Authorities  are  sections  16,18,  and  19. 

Public  Health  Acts  Amendment  Act,  1907.  (Adoptive.) 

Part  III.,  Sections  45-49,  deals  with  drains  and  drainage, 
on'report  0^""      ■  ^^^^  medical  officer,  sm-veyor,  or  inspector  of 

defect.s.  nuisances  reports  to  the  Local  Authority  that  he  has  reasonable  groimds  for 

behoving  that  any  ch-ains  of  any  building  are  so  defective  as  to  be  injurious  or 
dangerous  to  health,  the  Local  Authority  may  authorise  one  of  these  officers  to 
apply  the  smoke  or  coloured-tvater  test,  or  other  similar  test  {not  imluding  a. test  by 
water  under  pressure),  to  the  drains,  subject  to  con.sent  of  the  owner  or  occupier 
of  the  building  or  an  order  of  a  court  having  jurisdiction  m  the  place. 

If  on  apphcation  of  the  test  the  drains  are  found  to  be  defective,  the  Local 
Authority  may  by  notice  specifying  the  defect  require  the  owner  to  remedy  the 
same  within  a  reasonable  time,  failing  which,  the  Local  Authority  may  tiieiu- 
selves  do  the  work  and  recover  summarily  the  expenses  thereof  from  the  owner, 
or  may  declare  the  same  to  be  private  improvenmt  exjDensos.  The  owaicr  and 
occupier  shall  give  all  reasonable  facilities  for  the  application  of  anv  test  for 
which  consent  has  been  given,  and  failing  to  do  so  shall  become  liable  to  ft 
penalty. 

Section  46.  Enapowers  the  Local  Authority,  on  report  of  anv  of  the  above- 
named  officers  that  any  cesspool  or  other  like  recei^tacle  for  the  drainage  of  an\ 
house,  or  any  ash-pit  or  any  well  or  <Jisus,-d  well  belonging  to  anv  liouse,  is  piv- 
judicial  to  health  or  otherwise  objectionable  for  sanitary  reasons",  to  require  the 
owner  or  occupier  to  fill  up,  remove,  or  so  alter  the  same  within  a  reasonable 
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time  to  be  specified  in  a  written  notice  to  be  served  upon  such  o-wner ;  and  in  de- 
fault, the  work  may  be  done  by  the  Local  Authority  at  the  expense  of  the  owner. 

Section  47.  Gives  power  to  the  Local  Authority  to  provide  and  maintain  in 
proper  and  convenient  situations  sanitary  conveniences  in  or  imder  any  street, 
and  lavatories  in  hke  positions,  for  pubUc  use,  to  mal<e  charges  for  the  use  of  the 
same,  and  to  make  bye-laws  for  the  management  of  the  same  and  the  conduct 
of  persons  frequenting  the  same  ;  or  they  may  let  such  conveniences  for  such 
periods,  at  such  rents,  and  subject  to  such  conditions  as  to  charges,  as  they  think 
proper. 

Section  48.  Enacts  that  if  the  Local  Authority  are  required  by  the  owner  or 
occupier  of  any  premises  to  remove  any  trade  refuse  (other  than  sludge),  they  Removal  of 
shall  do  so,  and  the  owner,  etc.,  shall  pay  them  a  reasonable  sum  for  so  doing,  trade  refuse, 
any  dispute  between  parties  to  be  determined  by  a  com-t  of  smnmary  jm-isdic- 
tion.  Should  any  question  arise  as  to  wliat  is  trade  refuse,  that  question 
may  be  similarly  decided  by  the  court  (whose  decision  shall  be  final)  on 
the  complaint  of  either  party. 

Section  49.  Empowers  the  Local  Authority,  on  report  of  their  medical 
iifficer  or  other  above-named  official  that  any  building  is  not  provided  with  a 
proper  sink  or  drain  or  other  necessarj'  appliances  for  carrying  off  refuse  water 
from  such  building,  to  require  the  owner  by  notice  in  writing  to  provide  such 
sink,  drain,  or  other  apphances,  in  the  manner  and  witliin  a  time,  not  less  than 
28  days,  specified  in  such  notice.  In  default,  the  owner  shall  be  liable  to  a 
penalty  of  not  more  than  £5,  and  to  a  daily  penalty  of  not  more  than  40s. 


Law  Concerning  Privies,  Water-closetS;,  etc. 

1.  Public  Health  Act,  1876  ;  Sections  53-41. 

2.  Public  Health  Acts  Amendment  Act,  1907;  Sections  34-49. 

Section  35.  Makes  it  unlawful  newly  to  erect  any  house  or  to  rebuild  any  Penalty  on 
house  pulled  down  to  or  below  the  ground-floor,  withovit  a  sufficient  water-closet,  ^y"thout  W°C^  or 
earth-closet,  or  privy  and  an  ash-pit  furnished  with  proper  doors  and  coverings,  prh-y  accommo- 
under  a  penalty.  dation. 

Section  36.  Empowers  a  Local  Authority,  where  any  house  in  their  district  Power  to  Local 
on  the  report  of  the  surveyor  or  inspector  of  nuisances  is  without  a  sufficient  ^"oil°"*'ro*° 
w.  c,  earth-closet,  or  privy  and  ash-pit,  to  require  the  owner  or  occupier  of  the  vision  of  W.C. 
house  to  provide  such  conveniences,  witliin  a  reasonable  time  specified  within     P"'^T  accom- 
the  notice.    Where  the  owner  or  occupier  fails  to  comply,  the  L.  A.  may,  at 
expiration  of  the  time,  do  the  work  required  to  be  done,  and  recover  the  ex- 
penses from  such  owner  or  occupier  ; 

Provided  that  where  a  w.  c,  earth-closet,  or  privy  has  been  and  is  used  in 
common  by  the  inmates  of  two  or  more  houses,  or  if  in  the  opinion  of  the 
L.  A.  such  convenience  may  be  so  used,  they  need  not  require  the  same  to  be 
provided  for  each  house. 

Section  37.  Any  enactment  in  force  in  a  district  of  a  L.  A.  requiring  the  Provisions  as  to 
C(jnstruction  of  a  water-closet,  shall  be  deemed  to  be  satisfied  by  the  construe-  earth-closets. 
tion,  after  approval  of  the  L.  A.,  of  an  earth-closet. 

Any  L.  A.  may,  in  respect  of  any  house  having  an  approved  earth-closet, 
dispense  with  the  supply  of  water. 

Any  L.  A.  may  undertake  or  contract  for  the  supply  of  dry  earth  or  other 
deodorising  substance  to  any  house  for  the  purpose  of  any  earth-closet. 

In  this  Act  the  term  "  earth-clo-set "  includes  any  place  for  the  reception 
and  deodorisation  of  faecal  matter  which  is  constructed  to  the  satisfaction  of  the 
L.  A. 

Section  38.  Deals  with  privy  accommodation  for  factories  (see  p.  237). 

Section  39.  Any  Urban  Authority  may,  if  they  think  fit,  provide  and  Provision  as  to 
maintain  in  proper  and  convenient  situations  lu-inals,  water-closets,  earth- l'"b'>«  con- 
closets,  privies,  and  ash-pits,  and  other  similar  conveniences  for  public  ^°">""<=«''- 
accommodation. 
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Drains,  water-         Section  40.  Every  L.  A.  shall  provide  that  all  drains,  water-closets,  earth- 
be°kept'proVor^^^^  closets,  privies,  iish-pits,  and  cesspools  within  their  district  be  constructed  and 
kept  so  as  not  to  bo  a  nuisance  or  injurious  to  health. 

Section  41.  On  a  wi-itten  complaint  of  any  person  to  a  L.  A.  that  any  drain 
water-closet,  etc.,  in  any  premises  within  tlieir  district  is  a  nuisance  or  in- 
jurious to  health  {but  not  olherwiae)  the  L.  A.  may,  by  writing,  empower  tlieir 
surveyor  or  inspector  of  nuisances,  after  24  hours'  written  notice  to  the  occupier 
of  such  premises,  or  in  case  of  emergency  without  notice,  to  enter  such  premises 
and  cause  the  ground  to  be  opened,  and  examine  such  drain,  water-closet,  etc. 
If  the  drain,  etc.,  be  found  to  be  in  proper  condition,  the  ground  is  to  be  properly 
closed  and  any  di-ainage  made  good  as  soon  as  can  be,  all  at  the  expense  of  the 
L.  A.  ;  but  if  foimd  to  be  in  a  bad  condition,  or  to  require  alteration  or  amend- 
ment, the  L.  A.  shall  forthwith  cause  written  notice  to  be  given  to  tlie  owner 
or  occupier  of  the  premises  requiring  liim  forthwith  or  within  a  reasonable 
time  tlierein  specified  to  do  the  necessary  works.  If  such  notice  be  not  com- 
plied with,  the  notified  person  shall  be  liable  to  a  penalty  for  every  day  during 
wMch  the  offence  continues,  and  the  L.  A.  may  execute  the  work  and  reco\  i-r 
summarily  from  such  person  the  expense  thereof. 

2.  The  Public  Health  Acts  Amendment  Act,  1907;  Part  III.  (Adoptive.) 

Section  34.  Extends  the  meaning  of  the  foregoing  section  as  follows:  — 
Section  41  of  the  Public  Health  Act,  1875,  shall  have  effect  as  if  for  the 
words  "  (but  not  otherwise) "  there  were  substituted  the  words  "  or  where  on 
the  report  in  writing  of  their  surveyor  or  inspector  of  nuisances  the  Localj 
Authority  have  reason  to  suspect  that  any  such  drain,  water-closet,  earth-clcset,' 
privy,  ash-pit,  or  cesspool  is  a  nuisance  or  injurious  to  health  "  ;  and  section  35. 
declares  that  for  the  pm-poses  of  the  Public  Health  Act,  1875,  any  cistern  used 
for  the  supply  of  water  for  domestic  piu-poses,  so  placed,  constructed,  or  kept  as 
to  render  the  water  therein  liable  to  contamination,  causing  or  likely  to  cause 
risk  to  health,  any  gutter,  drain,  shoot,  stack-pipe,  or  down-spout  of  a  building 
so  insufficient  or  so  defective  as  to  cause  damp  in  such  building  or  adjoining 
building,  and  any  deposit  of  material  in  or  on  any  building  or  land  which  sliall 
cause  damp  in  any  such  building  or  adjoining  building  so  as  to  be  dangerou-;  <  r 
injiu-ious  to  health,  shall  be  deemed  a  nuisance  within  the  meaning  of  said  .\r;. 

Section  36.  Enacts  that  rain-water  pipes  shall  not  be  iised  as  soil-pipes  j 
section  37,  that  no  watei'-pipe,  stack-pipe,  or  down-spout  shall  be  used  to  serve 
or  act  as  a  ventilating  shaft  to  any  drain  ;  and  section  38.  that  before  any  drain 
shall  be  made  to  communicate  with  any  sewer  of  the  Local  Authoritj^  the  same 
shall  be  laid  open  for  examination  by  the  surveyor,  and  the  commimication 
shall  not  be  made  imtil  the  siu-veyor  shall  certify  that  such  dram  maj'^  be 
properly  made  so  to  commimicate. 

Section  39.  Deals  with  the  provision  and  conversion  of  closet-accommoda- 
tion.   Within  one  month  after  the  plan  of  a  proposed  new  biulding  has  been 
deposited,  and  where  there  is  a  sufficient  and  reasonably  available  supply  of" 
water  and  an  adequate  sewer  near  the  proposed  site,  the  Local  Authority  may 
by  written  notice  require  the  applicant  to  pro^^de  such  new  building  with  such 
number  of  proper  and  sufficient  water-closets  and  slop-closets,  or  with  closets' 
of  either  class  as  are  deemed  necessary.    On  the  report  of  the  medical  officer  of 
health  or  surveyor  or  inspector  of  nuisances  to  the  Local  Authority  that  any 
building  is  not  adequately  supplied  with  closet-accommodation  and  that  the 
same  class  of  closet  cannot  be  properly  extended,  the  Local  Authority,  provided 
there  are  a  sufficient  supply  of  water  and  a  sewer,  may  call  upon  the  owner 
or  owners  to  provide  water-closets  and  slop-closets,  or  closets  of  either  class. 
If  the  o^vne^  fail  to  comply  with  such  notice  so  to  do,  the  Local  A\ithority  not 
less  than  14  days  after  service  of  such  notice,  may  themselves  do  the  necessary 
work  and  recover  summarily  the  expenses  so  incurred  from  the  owTier.  The 
Local  Authority  aro  also  empowered,  wlicre  tliere  are  a  sufficient  supply  of  water  , 
and  a  sewer,  to  require  the  owner  of  any  building  already  supplied  with  closet- 
accommodation  to  provide  in  its  stead  water-closet  or  slop-closet  accommoda- 
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t  ion  during  alteration  of  the  biiikUng.    If  the  owner  fail  to  comply,  the  necessary 
change  maybe  made  by  the  Local  Authority  as  stated  above,  but  where  any  work 
is  done  bj'  the  Local  Authority  in  default  of  the  owner  in  respect  of  a  pail-closet, 
the  Local  Authority  shall  bear  the  expenses  of  the  work,  and  in  the  case  of  any 
existing  closet-accommodation  other  than  a  pail-closet,  one-half  of  the  expenses 
sliall  be  borne  by  tlie  Local  Atathority  and  the  remainder  by  the  owner  or  owners. 
I'he  expression  "  closet-accommodation  "  in  this  section  is  defined  to  mean  and 
include  a  receptacle  for  human  excreta,  its  structure,  fittings,  and  apparatus  ; 
■  pail-closet,"  a  movable  receptacle  for  human  excreta  ;  "  water-closet,"  closet- 
M'commodation  adapted  or  intended  to  be  used  in  connection  with  the  water- 
;irriage  system,  and  having  provision  for  flushing  the  receptacle  with  fresh 
water  and  communication  with  a  sewer  ;  "  slop-closet,"  closet-accommodation, 
iis  in  a  water-closet  with  like  provision  as  to  flushing  and  sewer  connection,  but 
w  here  tlie  flush-water  is  the  slops  or  household  waste  liquids  or  rain-water. 

Section  44.  Empowers  the  Local  Authority  to  reqviire  the  owner  of  any 
inn,  public-house,  beer  house,  etc.,  or  place  of  public  entertainment  to  wliich  no 
urinal  is  attached,  to  provide  the  same,  and  by  section  43,  the  Local  Authority 
may  require  the  removal  or  alteration  of  any  urinal  which  is  so  placed  or  so 
constructed,  as  to  be  a  nviisance  or  offensive  to  pubUc  decency.    (  Vide  p.  328.) 


Scavenging  and  Cleansing 
PubUc  Health  Act,  1875  ;  Sections  42-50. 

Section  42.  Every  L.  A.  may,  and  when  required  by  the  Local  Government  Local  Authority 

ijoard,  shall  themselves  undertake  or  contract  for —  ^°  provide  for 

re  ■  street  cleansing 

(a)  Removal  of  house-retuse  from  premises  ;  and  refuse 

(6)  Cleansing  of  earth-closets,  privies,  ash-pits,  and  cesspools  ;  removal, 
either  for  the  whole  or  part  of  their  district. 

Every  Urban  Authority,  and,  when  invested  with  the  necessary  powers, 
t'\  ery  Rural  Authority  may,  and  when  required  by  the  Board  shall,  themselves 
undertake  or  contract  for — 

(a)  Cleansing  of  streets  ; 

(b)  Watering  of  streets  ; 

ither  for  the  whole  or  part  of  the  district. 

All  matters  collected  by  the  L.  A.  or  contractor  may  be  sold  or  otherwise 
disposed  of. 

Any  person  removing  or  obstructing  the  L.  A.  or  contractor  in  the  removal 
of  such  matters  shall  be  Uable  to  a  penalty  ;  provided  that  any  occupier  shall 
tiot  be  so  liable  who  removes  matters  produced  on  his  own  premises,  which  are 
intended  for  sale  or  for  use,  and  are  kept  without  nuisance. 

Section  43.  Provides  a  penalty  on  neglect  of  a  Local  Authority  to  remove  Penalty  on  L,  A. 
house-refuse,  or  to  do  such  other  things  as  are  named  in  the  foregoing  section  for  neglect, 
which  they  are  bound  to  do. 

Section  44.  Gives  a  Local  Authority  power  to  make  bye-laws  regarding  the  Pmuer  to  L.  A.  to 
following:   malcc  Bye-laws. 

( 1 )  Cleansing  of  footways  and  pavements  ; 

(2)  Removal  of  house-refuse  from  premises  ; 

(3)  Cleansing  of  earth-closets,  privies,  ash-pits,  etc.,  where  they  themselves 

do  not  undertake  or  contract  for  such  work. 
An  Urban  Authority  may  also  make  bye-laws  for — 

(4)  Prevention  of  nuisances  arising  from  snow,  filth,  dust,  ashes,  and 

rubbish  ; 

{'})  Prevention  of  keeping  of  animals  on  any  premises  so  as  to  be  injurious 
to  health. 

The  Model  Bye-Laws  of  the  English  Local  Government  Board  demand 
tliat  (1)  every  earlh-closel,  furnished  with  a  fixed  receptacle  for  f cecal  matter  and 
ith  suitable  means  for  the  frequent  and  effectual  application  of  dry  earth  to  such 
liter,  shall  be  cleansed  at  least  once  in  every  3  months  ;  (2)  every  earth-closet 


340 


PUBLIC  HEALTH 


Po\ver  to  L.  A. 
to  provide  dust 
receptacles  and 
buildings  for 
dust,  ashes,  etc. 


Houses  to  be 
cleansed,  etc., 
on  certificate  of 
iM.  O.  H.,  or  of 
two  medical 
practitioners. 


Penalty  in 
respect  of  keep- 
ing swine  and  of 
other  nuisances 
on  premises. 


Power  to  L.  A. 
to  compel 
removal  of 
accumulations 
of  tilth,  etc. 


furnished  with  a  movable  receptacle  and  with  suitable  means  for  use  of  dry  earth 
once  at  least  every  week  ;  (3)  every  privy,  with  a  fixed  receptacle  for  fuical  matter 
once  at  least  every  month  ;  (4)  every  privy  witli  a  movable  receptacle,  once  every 
week  ;  (5)  every  ash-pit,  used  only  as  a  receptacle  for  aslies,  dust,  and  dry  refuse 
once  every  week  ;  (G)  every  ash-pit,  used  in  connection  with  a  privy  as  a  recept  ii.  1.' 
for  faocal  matter,  together  with  ashes,  etc.,  once  every  week  ;  and  (7)  enrj 
cesspool,  once  in  every  3  months. 

Section  45.  Gives  power  to  any  Urban  Authority  to  provide,  in  proper  and 
convenient  situations,  receptacles  for  the  deposit  and  collection  of  dust,  ashes 
and  rubbish  ; 

And  to  provide  fit  buildings  and  places  for  the  deposit  of  any  matters  col- 
lected by  tliem  in  pursuance  of  this  Act. 

Section  46.  Where,  on  the  certificate  of  the  M.  O.  H.  or  of  any  two  medical 
practitioners,  it  appears  to  any  Local  Authority  that  any  house  or  part  thereof 
is  in  such  a  filthy  or  imwholesome  condition  that  the  health  of  any  person 
affected  or  endangered  thereby,  or  that  the  whitewashing,  cleansing,  or  purifyi 
ing  of  any  house  or  part  thereof  would  tend  to  prevent  or  check  infectious  di.sease, 
the  L.  A.  shall  give  notice  in  writmg  to  the  owner  or  occupier  of  such  house  or 
part  thereof  to  whitewash,  cleanse,  or  purify  the  same,  as  the  case  may 
require.  (C/.  section  40,  p.  329.)  *' 
If  the  person  to  whom  notice  is  so  given  fails  to  comply  therewith  wthin  the 
time  therein  specified,  he  shall  be  liable  in  a  penalty  for  every  day  during  wliicS 
he  continues  to  make  default,  and  the  L.  A.  maj',  if  they  think  fit,  do  the 
necessary  work  and  may  recover  in  a  summary  manner  the  expense  incurred 
thereby  from  the  person  in  default. 

Section  47.  Any  person  who  in  any  urban  district —  ' 
(1)  Keeps  any  swine  or  pig-stye  in  any  dwelling-house,  or  so  as  to  be  a 
nuisance  to  any  person  ;  or 
Suffers  any  waste  or  stagnant  water  to  remain  in  any  cellar  or  any  place 
within  any  dwelHng-house  for  24  hours  after  written  notice  to  remove 
the  same  from  the  Urban  Authority  ;  or 
Allows  the  contents  of  any  w.  c,  privy,  or  cesspool  to  overflow  or  soak 
therefrom  ; 

shall  be  hable  to  a  penalty  for  every  day  of  continuance  after  notice  ;  and  the 
Urban  Authority  shall  cause  the  same  to  be  abated,  and  maj?  recover  expense  of 
so  doing  from  the  occupier  of  such  premises. 

Section  48.  Makes  provision  for  obtaining  an  order  for  cleansing  offensive 
ditches  lying  near  the  boundaries  of  districts. 

This  section  is  exactly  the  same  as  section  41  of  the  PubUc  Health  (Scot.) 
Act,  1897  (see  p.  325). 

Section  49.  Gives  power  to  an  urban  Local  Authority,  on  the  certificate  of 
the  inspector  of  musances,  to  remove  any  accumulation  of  mamu-e,  dung,  soil, 
or  filth,  or  other  offensive  or  noxious  matter,  %vithin  24  hovu-s  after  failure  of 
person  to  comply  with  a  written  notice  to  that  effect. 

This  section  is  practically  identical  with  the  second  part  of  section  42  of  the 
P.  H.  (Scot.)  Act,  1897,  except  that  in  the  latter  the  provision  only  applies  to 
scavenging  districts  (see  p.  329). 

2.  Public  Health  Acts  Amendment  Act,  1890 ;  Adoptive  Sections. 

Part  III.  Section  20.  Enacts  that  where  an  L^rban  Authority  provide  and 
maintain  for  public  accommodation  any  sanitary  conveniences,  sucli  Authority 
may — 

(1)  Make  regulations  with  respect  to  the  management  thereof  and  make 

bye-laws  as  to  the  decent  conduct  of  persons  using  the  same  ; 

(2)  Let  the  same  for  any  term  not  more  tlian  3  .years  at  such  rent  and  on 

such  conditions  as  they  jnay  think  fit ; 

(3)  Charge  fees  for  the  use  of  water-closets  so  provided,  as  they  may  think 

proper. 

No  public  convenience,  after  adoption  of  this  part  of  the  Act,  shall  be 
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locted  in  any  street  without  the  written  consent  of  the  Urban  Authority,  and 

ny  person  contravening  shall  be  liable  to  a  penalty. 

This  section  does  not  apply  to  sanitary  conveniences  in  any  railway  station 

ird  erected  by  a  railway  company. 

Section  21.  ]\Iakes  provision  for  penalties  against  any  person  who  injures 

r  improperly  fouls  any  sanitary  convenience,  or  anything  in  connection 

lorewith,  which  is  \ised  in  common  by  the  occupiers  of  two  or  more  separate 

;  welling-houses  or  by  other  persons. 

Section  22.  Requires  that  every  building,  used  as  a  workshop  or  manu- L.  A.  to  compel 

'^v^tory,  whether  erected  before  or  after  the  adoption  of  this  Part  of  the  Act  ^^'j  ^^^P™- 

ill  any  district,  shall  be  provided  with  sufficient  and  suitable  acconunodation  in  sanitary  con- 

iio  form  of  sanitary  conveniences,  having  regard  to  the  number  of  persons  em-  ^orkghops^etc. 

'.  oyed,  and  with  proper  separate  accommodation  for  persons  of  each  sex. 

\Vhere  an  Urban  Authority,  on  the  report  of  their  surveyor,  believes  that  the 

provisions  of  tliis  section  are  not  compUed  with  in  any  such  bmlding,  they  may 

1)>-  a  wi-itten  notice  require  the  owner  or  occupier  of  the  building  to  make  such 

^iterations  and  additions  therein  so  as  to  provide  such  sufficient,  suitable,  and 

proper  accommodation.    Neglect  or  refusal  to  comply  with  any  such  notice 

iiall  render  the  person  liable  to  a  penalty.  .  Where  this  section  is  in  force, 

.  etion  38  of  the  Public  Health  Act,  1875,  shall  be  repealed.    ( Vide  also  p.  237.) 

Section  24'.  Forbids  any  portion  of  a  room  extending  immediately  over  a 

rivy  (not  being  a  water-closet  or  earth-closet)  or  immediately  over  any 

■sspool,  midden,  or  ash-pit,  to  be  used  as  a  dwelling-place,  sleeping-place, 

"1-  place  of  habitual  employment  of  any  person. 

Any  person  who  occupies,  or  suffers  to  be  occupied,  any  such  room  after 

notice  by  the  L.  A.  of  not  less  than  seven  days,  shall  be  Uable  to  a  penalty. 

Section  26.  An  Urban  Authoritv  may  make  bye-laws  in  respect  of  the  Power  to  make 
•  1,      •  ,  ,  .  "  Bye-laws  for 

I '  )llowmg  matters — viz.  removal  of 

(1)  Prescribing  the  times  for  removal  or  carriage  through  the  streets  of  any  offensive 

faecal  or  offensive  or  noxious  matter  or  Uquid,  whether  from  within,  ""^^^^''s  ('^se 
without,  or  tlu'ough  their  district  ; 

(2)  For  providing  that  the  vehicles  or  vessels  used  therefor  shall  be  properly 

constructed  and  covered  to  prevent  the  escape  of  such  matter  or 
liquid  ; 

(3)  For  compelling  the  cleansing  of  any  place  whereon  any  such  matter  may 

have  been  dropped  or  spilled  in  such  removal  or  carriage. 

When  a  L.  A.  themselves  imdertake  or  contract  for  the  removal  of  house- 
l  efuse,  they  may  make  bye-laws  imposing  on  the  occupier  of  any  premises  duties 
in  connection  with  such  removal  so  as  to  facilitate  such  work  of  removal. 

Section  27.  Provides  for  keeping  clean  all  common  com'ts  and  passages. 
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CHAPTER  X 


PREVENTABLE  DISEASES 

Sanitaey  science  or  Preventive  medicine  has  as  one  of  its  chief  objects 
the  prevention  of  disease  ah  initio,  and  of  the  spread  of  certain  com- 
municable diseases,  by  removing  the  conditions  by  which  they  may  be 
generated  or  propagated.    In  order  to  secure  this  end,  all  civilised 
States  have  made  important  enactments  which  operate  not  onlv  within 
their  own  borders,  but  also  in  the  relations  of  each  to  the  other  mth 
respect  to  the  specific  infectious  and  contagious  diseases.    In  respect 
oi  the  class  of  infective  diseases,  and,  indeed,  of  other  preventable 
diseases,  such  as  scurvy  in  seamen,  and  of  inhalation  or  ingestion  of 
substances  used  in  trade-operations  which  are  inimical  to  health  an 
immense  and  comphcated  machinerv  has  been  erected  and  kept  in 
motion  for  their  prevention.    The  State  obviously  only  deals  with 
those  causes  which  are  beyond  ordinary  individual  control,  such  as  the 
effects  of  employment  on  children  and  women  in  factories  and  work- 
places, or  which  operate  by  carelessness  in  one  or  another  form,  such  as 
the  spreiid  of  infective  diseases,  the  sale  of  food  unfit  for  human  use  etc 
ihese,  however,  are  capable  to  a  large  extent  of  being  controlled  and 
regulated  by  regulations  enacted  by  a  controlling  authoritv,  and  especi- 
ally, it  disobedience  thereto  is  followed  by  penalties.    The  object  of 
State  control  in  this  connection  is  the  protection  of  the  mass  of  the  people 
against  tlie  carelessness  and  negligence  of  the  individual.    The  pre- 
ventable diseases  are  incited  and  initiated  by  a  variety  of  causes,  amon^r 
which  may  be  named  overcrowding  and  filth,  atmospheric  pollution  of 
dwellings,  insamtary  conditions  of  sewage-disposal  system,  and  contact 
with  the  infective  sick  or  with  infected  material.  "To  this  class  also 
belong  those  diseases  which  are  communicable  from  animal  to  animal 
and  irom  animals  to  man.    The  chief  characteristic  of  the  specific  pre- 
ventable diseases  is  their  communicability  by  a  specific  contagium  or 
infective  agent  which,  although  well  recognised  for  many  centuries, 
since,  indeed  the  institution  of  the  Mosaic  Code,  onlv  became  intelli- 
gible since  the  discovery  of  their  microbic  origin.    It"  is  not  necessary 
to  consider  the  vanous  theories  which  have  been  propounded  from  tim; 
to  time  regarding  the  causal  factors  of  these  diseases,  since  the  discovery 
of  microbes  amply  accounts  for  all  their  phenomena.    Koch's  rules 
Whereby  an  infective  disease  should  be  so  designated  onlv  apply,  it  must 
be  understood,  to  several  of  these  diseases,  because  in  respect  of  some  of 
tnese,  specihc  micro-organisms  have  not  yet  been  discovered  and  isolated, 
ivocli  s  requirements  are  as  follow  :  

^r,;,l?il  f /n'c.i'o-organism  must  be  found  in  the  blood  or  tissues  of  the  person  or 
f^Z  fL  hV  died  from  tlie  disease  ;  (2)  thi.s  microbe  taken 

from  the  body  must  be  capable  of  artificial  cultivation  in  suitable  cnlture-media, 
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in  a  series  of  generations,  out  of  the  body,  with  no  possibility  of  any  other 
microbe  being  introduced  during  tho  process  ;  (3)  the  microbe  from  one  of  these 
cultures,  on  being  inoculated  into  the  body  of  a  healthy  animal,  ought  to  repro- 
duce the  same  phenomena  of  disease  as  those  exhibited  in  the  animal  or  person 
from  whom  it  was  originally  taken  ;  and  (4)  the  microbe  must  be  proved  to  have 
multiplied  in  the  body  of  the  animal  inoculated. 

The  principal  preventable  diseases  are  the  following— viz.  Smallpox, 
chicken-pox,  scarlet  fever,  measles,  rotheln  or  German  measles,  typhus, 
enteric,  relapsing,  yelloio,  and  continued  fevers,  cholera,  influenza,  whooping- 
cough,  diphtheria,  erysipelas,  puerperal  fever,  pneumonia,  mumps,  cerebro- 
spinal meningitis,  plague  and,  with  a  limited  infectivity,  tuberculosis. 
These  may  be  considered  as  of  the  infective  type.  Glanders,  anthrax 
(known  as  wool-sorters'  disease  and  malignant  pustule  in  man),  foot- 
and-mouth  disease,  venereal  diseases,  Egyptian  and  other  forms  of 
ophthalmia,  leprosy,  rabies,  and  to  some  extent  malaria,  may  be  reckoned 
as  of  the  contagious  type. 

Types  of  Micro-organisms. — These  may  be  divided  into  the  following 
morphological  types — ^viz. 

1.  Micrococcus,  comprising  the  diplococcus,  sarcina  or  tetra- 

coccus,  streptococcus,  staphylococcus. 

2.  Bacillus. 

3.  Spirillum. 

To  the  first  form  belong  the  micro-organisms  of  fowl-cholera,  swine- 
fever,  measles,  scarlet  fever,  smallpox,  cow-pox,  foot-and-mouth 
disease,  pneumonia,  erysipelas,  puerperal  fever,  and  of  other  diseases  ; 
to  the  second,  those  of  anthrax,  tubercle,  glanders,  enteric  fever,  cholera, 
diphtheria,  tetanus,  leprosy,  plague,  and  of  others  ;  and  of  the  third,  that 
of  relapsing  fever. 

Nature  of  Infective  Material. — Whether  this  is  known  by  the  names 
of  effluvium,  miasm-a,  influence,  virus,  fomites,  infection,  contagium,  or 
by  any  other  name,  infective  matter  is  essentially  particulate  in  char- 
acter, and  is  capable  of  being  borne  by  or  upon  different  media,  as  air, 
food,  clothing,  and  various  others.  It  is  composed  of  micro-organisms 
or  their  spores  or  both.  Being  particulate,  therefore,  it  obeys  natural 
laws  ;  because  of  its  lightness,  it  is  easily  air-borne  when  in  a  dry  con- 
dition, but  it  is  held  in  retention  by  moist  surfaces  ;  it  cannot  penetrate 
any  interposing  barrier,  even  of  paper,  and  much  less,  walls  and  doors. 
Destruction  of  infective  material,  therefore,  resolves  itself  into  annihila- 
tion of  organisms  and  spores. 

AVhen  pathogenic  organisms  gain  a  foothold  in  the  body  they  ex- 
hibit elect  seats  of  operative  activity.  Upon  this  basis,  they  may  be 
divided  into  three  classes,  viz.  :  (1)  those  which  mainly  involve  the  skin  ; 
(2)  those  which  invade  the  upper  internal  mucous  tract  of  pharynx  and 
air-passages ;  and  (3)  those  which  implicate  the  lower  mucous  tract, 
intestines,  etc.  To  the  first  class  belong  chicken-pox,  smallpox, 
erysipelas,  scarlet  fever,  measles,  German  measles,  and  others,  this  class 
being  known  as  the  exanthematous  group  ;  to  the  second  belong  diph- 
theria, foot-and-mouth  disease,  whooping-cough,  mumps,  ophthalmia, 
influenza,  pneumonia,  and  pulmonary  tubercle;  and  to  the  third,  cholera, 
enteric  fever,  yellow  fever,  and  puerperal  fever.  Several  diseases  of  this 
type  refuse  to 'be  so  arbitrarily  classified,  in  respect  that  some  of  them 
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invade  more  than  one,  of  the  above  tracts:  but  while  the  infective 
niaterial  in  eacli  infective  disease  may  be  found  in  more  than  one  of  the 
dischai^ges  of  the  patient,  it  is  most  abundant  at  the  elect  seats  of  opei 
tion     Ihe  habitat  of  in.cro-oi|ranisms  in  the  body  is  determined  by  their 
l  e-history ;  for  example,  the  B  divhtheri<B  cannot  grow  without  a  pleS 
ful  supply  of  air,  hence  it  is  found  in  thdse  situations  most  calculated 
to  meet  this  reqmrement.    The  evil  results  which  follow  the  develop 
ment  of  pathogenic  orgamsms  in  the  body  are  due  to  the  products  whSh 
they  form  out  of  albuminous  substances  in  the  course  of  their  g  wth 
and  multiplication.    These  being  derivatives  of  albumen  havf  been 
called  alhumoses,  and  because  of  their  poisonous  action  on  the  bodlh 
functions,  tox^nes    Such  albumoses  or  toxines  may  be  formed  direSlv 
m  the  blood  Itself  or  they  may  be  absorbed  into  the  blood  fi-om  the 
tissues.    In  diphtheria,  for  example,  they  are  formed  in  the  mucous 
W^r^'  I   ^^fT"  °^.^^^-P^««^ges,  and  after  absorption  pTduce 
Tfl^^K^'f     depression,  and,  it  may  be,  after-pardysis  Jf  some 
part  of  the  body  ;  the  toxme  formed  by  the  B.  tetom  produces  cereW 
spinal  irritation,  evidence  of  spinal  disturbance  being  shown  by  the 
convulsive  contraction  of  the  masseter  and  other  musdes  of  the  lower 

usu Jlf  thevTw tJ'  ^^^^  ^ore 

usually  they  betray  their  presence  by  several  persons  beinc  attacked 

withm  a  Wed  short  time.    They  are  thus  said  to  be  of  one  of  three 

f  T^i     ^     f  ^^""""^  independent  originaUy  of  local 

The  clsf  t  :  r^^'r^  P^^^^"^     ^  P^P^^^^on  within  a  short  tim 
Ihe  cause,  therefore,  belongs  more  to  the  people  than  to  the  place 
An  endemu.  disease  is  one  which  is  dependent  upon  local  condit  ons' 
SevaSnt    Th^^  '  m  commumties,  and  is  more  or  less  contmuousTy 
■  7>  Pl^ce  than  in  the  people 

foLtrv  or  nuX     T  ^^f  popidati^n  oVa 

Zf  ^oAl,  w'''//  population  of  different  countries,  about  one 

nXo/w  intercommimication,  and  from  nation  to 

nation  by  trade-routes  or  by  atmospheric  agencv. 

-CwT^lt  {!'7f  ^r'^''^''^'  7  Contagious  Diseases. 

rant  \nrl  ^ff      ^  ^i^^^^^*  factors  as  annual 

nrSent  wTn^qT''  temperature,  atmospheric  pressure,  himiidity, 
Ets  of  cW  ;  '""T."'"'  and  certain  other  local  conditions.  The 
to  certat  H^^^^^^^  conditions  mamfest  themselves  markedly  with  respect 
Xrs    W  .v''  '  ^'''T''  ^«  respect  to 

snW;-hpnZ  pulmonary  ailments  mostly  prevail  in  winter  and  I 
tvne  ^nnsX  ^^^^^^^^^  diseases  of  the  abdominal : 

eSrcise  f  i  '""'"^^^^.^^d  autumn.  But  climatic  conditions  also'l 
generally  ^^A^^^^^  on  the  infective  type  of  diseases  I 

seaso^.^"  Th?^^''''^"l'"°1'^^^^^  spring,  least  in  the  other 
Sine    Bptw  ^^^^"^^le  influence  on  its  spread  and 

PeraturV  it  ti^^^  ^ff'"  *°  «P^<^«d,  above  that  tem- 

thS  sZ  W  t  ^^i^^^'^'^*^-  r^'^'dwin  Latham  has  put  forward  the  view 
that  smaUpox  is  always  preceded  by  a  long  period  of  dryness  of  the 
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gi'ound,  measured  by  the  absence  of  percolation.  ^  If  this  datum  be 
looked  at  in  the  light  of  local  conditions,  however,  it  would  seem  to  be 
very  doubtful  in  its  general  accuracy  at  least,  or  constant  in  its  applica- 
tion. It  is  important  at  the  same  time,  in  considering  the  possible  re- 
lations of  smallpox  outbreaks  to  climatic  conditions,  to  discriminate  as 
to  the  local  origin  of  the  disease ;  for  if  the  disease  be  imported  from 
without,  and  there  be  a  vulnerable  population  in  the  locality,  cUmatic 
conditions  play  but  a  relatively  unimportant  part  in  the  spread  of  the 
disease.  Briickner,  from  a  survey  of  the  records  of  the  rainfall  of  the 
world  over  a  period  of  centuries,  has  arrived  at  the  conclusion  that,  since 
1700,  the  most  of  the  surface  of  the  land  of  the  globe  has  been  subject ' 
to  recurrent  alternated  spells  of  cold  and  wet  weather  on  the  one  hand, 
and  of  warm  and  dry  weather  on  the  other,  and  that  the  intervals  between 
the  nuddle  of  two  such  succeeding  periods  are  approximately  thirty-five 
years.  Newsholme  has  applied  this  test  of  alternative  excess  and  de- 
ficiency of  rainfall  to  the  incidence  and.  prevalence  of  smallpox  in 
London,  and  he  has  found  that  only  up  to  a  certain  point  \\  ould  the 
theory  seem  to  be  applicable  to  the  facts.^ 

Scarlet  fever  prevails  most  in  the  last _six  months  of  the  vear,  the 
maxmaum  being  in  the  December  quarter.  A  tempeiiiiire  oTa'bc^^^  60°  \\ 
P.  favours  the  extension  of  the  disease,  a  fall  to  50^"  F.  tends  at  once  to  { 
arrest  it.  But  the  dissemination  of  the  disease  from  milk  must  not  be 
overlooked.  This  association  is  too  well  established  to  be  gainsaid. 
Such  outbreaks  are  more  independent  of  chmatic  conditions.  "  In  this 
connection  the  Enghsh  Local  Government  Board  Report  on  the  Maccles- 
field outbreak  m  1889  may  be  studied  with  profit. 

In  many  of  the  outbreaks  associated  with  milk-suppHes  there  is  most 
commonly  a  history  of  previous  contamination  of  the  milk  by  a  milker 
or  a  milk-carrier  who  sufTers  from  the  disease  or  who  is  associated  with 
others  who  are  suffering ;  in  short,  the  history  of  human  intervention. 
But  m  addition  to  these,  there  have  from  time  to  time  been  outbreaks 
where  the  cause  could  not  be  traced  to  human  agency  and  in  which  the 
facts  pointed  to  an  origin  in  the  cow  herself.    The  first  of  these  unusual 
outbreaks  occurred  m  1882,  in  St  Giles  and  St  Pancras  districts  of  London 
Buchanan,  m  the  investigation  of  the  facts  and  the  cause,  came  to  two 
conclusions  respecting  the  latter  :  (1)  that  there  existed  no  discoverable 
means  by  which  the  milk  delivered  coincident  with  the  period  of  out- 
break could  have  been  infected  from  the  human  subject,  and  C^*)  that  a 
cow  at  a  particular  farm  from  which  the  milk  came  had  been  ill  from  the 
time  of  calving  one  of  the  symptoms  or  sequelae  of  the  illness  being  loss 
of  hair  m  patches.    Klein,  asked  by  the  Local  Government  Boa?d  to 
investigate  the  subject,  reported  that  especially  when  a  cow  was  in 
milk,  a  defimte  disease  could  be  produced  in  the  animal  by  means  of 
scarlatmal  infection,  which  could  be  transmitted  by  inoculation  from 
one  animal  to  another. 

In  1885  an  epidemic  of  scarlet  fever  broke  out  in  Marylebone, 
London  Wynter  Blyth,  the  medical  officer  of  health,  reported  to  the 
Local  Government  Board  that  the  outbreak  was  evidently  connected 
with  a  particular  milk-supply  which  was  traced  to  have  come  from  a 

1  Proc.  Roij.  Meteor.  Soc,  No.  19,  1890 
"  B.M.J. ,  vol.  ii.,  1902,  p.  26. 
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farm  at  Hendon    Power  investigated  the  cause  of  this  epidemic  for  the 
^oard.    Ihe  milk  in  question  had  been  distributed  in  detail  in  St 
Pancras  Hampstead,  St  John's  Wood,  and  Hendon.    Except  from  St 
Jolin  s  Wood  the  history  of  each  district  was  that  up  until  the  end  of 
November  or  beginmng  of  December  of  that  year,  it  had  been  remarkably 
fiee  fTom  scarlet  fever,  but  that  then  cases  rapidly  developed  in  families 
who  proved,  on  inquiry,  to  be  customers  of  the  milk-dealer  who  retailed 
the  Hendon-farm  milk    No  person  at  the  Hendon  farm  or  associated 
with  It  was  found  to  be  ill  of  the  disease.    Power  was  able,  by  the  he W 
certain  facts  which  explained  the  escape  from  attack  of  the  St  John's 
Wood  consumers,  to  confine  the  likely  source  of  the  infected  milk  from 
t_his  farm  to  a  particular  cowshed,  and,  therefore,  to  particular  cows 
;b.xamination  of  these  ammals  demonstrated  that  in  November  and 
December  thej  had  been  attacked  by  an  eruptive  disease  of  the  udder 
and  teats,  which  had  been  brought  to  the  farm  by  some  new  cows  from 
Derbyshire.!   Agam,  Klem  was  asked  to  investigate  ;  products  oithe 
aftected  cows  were  sent  to  him,  and  two  of  the  cLs  we^re  bought  and 
conveyed  to  London  for  observation.    From  the  products,  Hein  re 
ported  the  finding  of  a  streptococcus  which  gi-ew  in  gelatin  in  opaque 
c^tt'ed'td''  without  Uquifying  the  medium,  grew^m  nnlk  which'  i 
^tf'^f^  ^^l^^«h  when  subcultured  and  injected  into  calves,  pro- 
the  tn't  '^'^^^^''^^^ons  of  the  Hendon  disease,  except  so  ef  on 
the  teats  and  udders,  but  when  injected  into  newly-cilved  cows 
did  produce  characteristic  ulcers  on  the  teats  in  addition  to  the  other 

thrn^f  K^f^'  ^r^J^^^i^  of  scarlet  fever  and  scarlatinal  sore- 

throat  bioke  out  suddenly  m  the  GarnethiU  district  of  Glasgow  the 
source  of  which  was  milk  from  a  particular  farm  in  the  country  In! 

wStwT.r  f.'^'V^''."!''  '''''  ^"^y  connection 
Thh  fi  ^  1  t^^-^'  u'  Y""''  "^^break  of  the  epidemic  in  the  citv. 
tW  ft  •  ^I'^f'        ^^^^"^1  ^ff^'^^^^'  «f  ^e^lth,  found,  however, 

distin. ul^^^^f  T  ^H^'^^/^'^'^.  '^^^^^^S  from  ulcers  on  the  teats  in- 
in  fl?r7i  '■'^'^  ^^^^^  of        affected  animals 

rnlwTn''A''''  T%  T^^^^^^^als  were  removed  to  the  Veterinary  " 
c-xS  ^^l  observation.    Both  ammals  were  found  to  be 

Zm  f  j5rT^  u"^  copiously.  A  calf  fed  on  the  milk  of  one  of 
fhl  rZZ^  ^"^'^^  endangered  its  life, 

Thp^^^r  ffi*'  desquamation  of  epidermis  and  hairs.^ 

sr^pl  .  J  l'^'?''^'  '^^'^  examined  and  was  found  to  contain 

small  curdled  masses,  which  on  microscopic  examination  were  found  to 

Zr^T,  TT'T'     '^'^  ^^^^      NeU  Carmichael,  who 

i^d^.r  bacteriological  investigation,  obtained  milk  fxom  the 

bv T;«T      adoption  of  means  to  prevent  external  contamination, 
Dy  passing  a  sterihsed  cannula  into  one  of  the  milk-ducts.  On 
r^^^^^      P"'^  of  micrococci  in  zooglea-like 

fT^  nn  Vl,  '^f      ^^^'^'^'^  °f  of  the  calf  which  had  been 

ted  on  the  milk  of  the  cow,  a  little  blood  was  obtained  under  sterile 

\  ^^n"ai  i?epo.<  of  Local  Government  Board  (Stipp.),  1885-1886. 

Sixleenth  Annual  Report  of  Local  Government  Board  (Supp  )  1886-1887  ; 
Seventeenth.  Annual  Report  (Supp.),  1887-1888  K>^^PP-h  i«»o-i08/  , 

^  Sanitary  J  ournal,Mix,ylQ,,lS^8. 
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conditions.  It  also  yielded  growths  of  similar  naked-eye  and  microscopic 
appearances.^ 

In  1903,  Lincoln  for  the  second  time  sufiered  from  an  outbreak 
apparently  identical  with  the  "  Hendon  disease."  On  this  occasion, 
the  medical  officer  of  health  traced  all  the  cases  to  one  particular  dairy 
in  the  city.  On  the  cows  being  examined,  some  of  them  were  found  to 
be  affected  by  a  vesicular  eruption  on  the  teats  and  other  parts  like  the 
cows  at  Hendon.  The  clinical  features  of  the  human  attacks  were  : 
on  first  day,  sore  throat,  vomiting,  sometimes  diarrhoea,  followed  in 
many  cases  two  days  later  by  scarlatiniform  rash,  with  desquamation 
in  many  cases  about  a  week  later.  Most  of  the  patients  in  the  outbreak 
fell  ill  on  the  same  day.  Forty  cases  were  notified,  fourteen  of  these  in 
one  household.  In  the  previous  similar  outbreak  in  Lincoln,  over 
one  hundred  persons  were  attacked,  four  deaths  being  ascribed  to  the 
disease.^ 

There  is  at  least  one  thing  common  to  the  disease  which  has  been 
known  for  centuries  as  scarlet  fever  and  the  above  illnesses  traceable 
to  milk — -viz.  micrococcal  forms  of  micro-organisms.  There  can  be 
little  doubt  whatever  that  micrococcal  infections  are  common,  the  chief 
symptoms  of  which  are  sore  throat,  fever,  skin-rashes,  and  desquamation, 
the  microccci  being  found  abundantly  in  swabs  taken  from  the  inflamed 
tonsils  and  throat,  and,  further,  that  between  a  mild  attack  of  true 
scarlatina  and  a  septic  sore  throat  accompanied  by  a  skin-rash,  there  is 
much  difficulty  to  distinguish ;  indeed,  the  question  is  bound  to  arise 
for  discussion  soon,  whether  not  a  little  of  the  disease  notified  as  scarlet 
fever  is  not  merely  micrococcal  infections  of  different  kinds,  for  it  is 
far  from  certain  what  is  the  so-called  Streptococcus  scadatince.  Mervyn 
Gordon's  investigations  on  the  causative  organism  or  organisms  of  scarlet 
fever  ^  indicate  this  difficulty  and  uncertainty.  How  far,  indeed,  scarlet 
fever  is  ever  uncomplicated  by  the  invasion  of  a  single  and  only  micro- 
coccal organism  is  not  known  ;  on  the  other  hand,  it  has  to  be  acknow- 
ledged that  usually  the  S.  pyogenes  is  commonly  present  along  with  the 
organism  to  which  .some  have  eiven  the  name  S.  scarlatinal. 

If  one  may  judge  from  statistics,  the  mortality  from  the  disease  has 
been  on  the  dechne  during  the  last  thirty  years,  as  the  following  table 
quoted  from  McVail  {op.  cit.)  will  show  : — 

Scarlet  Fever 

Deaths  per  Annum  per  Million  Living 

18C1-1S70         1871-1880         1881-1890  1891-1900 

England  and  Wales  890  649  312  156 

Scotland         .        .  910  780  290  190 


There  is  good  reason  to  say  that,  certainly  during  the  last  thirty  years, 
the  type  of  disease  which  has  prevailed  has  been  much  less  virulent, 
and  probably  to  that  fact  must  be  ascribed  the  diminishing  mortality. 

'  C'armichael.    Proc.  Philosoph.  Soc.  of  Glasgow,  vol.  xx.,  1889-1889,  p.  234. 

«  B.M.J.,  vol.  i.,  1903,  p.  1225.  Vide  also  ;  McVail.  The  Prevention  of 
Infectious  Disease,  1907,  p.  150. 

^  Thirteenth  Report  of  Meddcal  Officer  of  Local  Qovernment  Board. 


348  PUBLIC  HEALTH 

h^^^t  """""J^'''  °^'^f '  be  di^ninishing  ;  with  every 

fxesh  crop  of  susceptible  children  the  disease  appears,  and  few  wo  Sid 
seem  to  escape  despite  the  better-understood  principi;s  of  iso  Itbn  it 
home  and  tuc.hties  lor  isolation  in  hospital.  According  to  MH  ard  ] 
others,  free  hospital  isolation  of  cases  does  not  seem  to  have  much  i1 
any  appreciable  difterence  in  the  iiumbers  of  those  attLkS  compai'ed 

orced    Ne?   .ri^^^'"'  ^^'''^  s^rigidir  n 

torced.    Nevertheless,  so  far  as  can  be  judged,  it  would  annear  tW 

hospital  .solation  has  done  much,  especially  il  the  case  ofVoor  iT-dad 

a^nep^^^^^^^  -rio  Jsequelae  of  theEse,  sudi 

as  nepnrms  In  this,  it  seems  to  us,  is  the  ch  ef  value  of  hosnita!  isnli^ 
tion.  On  the  other  hand,  to  be  effective,  the  isolation  in  hospiS  must" 
cover  the  whole  period  of  infectivity  of  each  individuaK.at  ^  It  4  nol 
enough  to  fix  a  standard  time  for  all  cases  during  whicS  all  without 
exception  should  be  isolated,  no  matter  whether  that  period  be  o^u 
weeks,  SIX  weeks,  or  two  months.  The  standard  should  not  be  time  or 
time-lnnit  but  one  of  freedom  from  infectivity.  While  for  admii^str^tivP 
purposes  It  is,  perhaps,  impossible  to  do  without  an  av^raTt^e  U^^^ 
that  must  in  every  case  be  determined  by  the  state  of  the  pato  re  Xe 
be  l7iZel7X'T''''  ^^^^  -nsideratio'n  Tthls t^^^ 

of  recent  veavs     W  ^^''^  «°  ^^^^^      been  written 

beThrhaJboTrers  o  ^^-^^^^       f         apparently  recovered  may 

pat  ents  mav  b^^^^^  tteir  air-passages,  and  enteric  feve^ 

hosSta   wS  rll.!,         >    '°  ^^^^^  Patients  discharged  from 

thiSf  orw  fh  n  ^1°^  ^^^^      ^br^oat,  or  with  inflamed 

A  susceptible,    ihe  time  has  probab  y  arrived  when  Local 

3^n:!^  llZ^SZ:  T""'^  °'  «ov,n.Wr,  December,  j 

the  poor  Llf  sta?v!J    '    "  ^^^"^  ^'^^^ 

therefore  irmor.        '         ^^,^^^^^7  ^ve  in  overcrowded  rooms.  It 

althou4  tt?^Ts  a  H  i^""*^^  *be  summer  months,  I 

by  th  tme  <^3^^ditiom  the  mortality  m  July,  explainable  in  some  cases  1 

micro-organismC  bTn  ^        infective  matter-for  as  yet  no  specific 

range  of  tho  e  aff.n.  5    d's^overed-  although  very  virulent  within  close 

clothing     Tvphus  fov.;  ^^bich  is  apt  to  adhere  to 

type  hat succSed  Wh      n  ^^^'""'^  T-^' ""'^'^  ^''"''^  of  the  infective 

diseSrofTh'e'^^^^  "'f tbe  main,  be  reckoned  as  a  , 

and  auuimn  mon  hs  V^T^nT^^f',       T'^'-^^''  -^"""-^  ' 

typhus  fever  is  duo  fn/  .  unlikely  that  its  prevalence,  like 
ypnus  Ie^er,  is  due  to  aggregation  of  the  poor  and  uncleanly  in  poorly 
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ventilated,  and,  tlierefore,  air-polluted  apartments.  It  has  not  been 
found  to  any  extent  in  the  colder  zones,  and  it  has  not  invaded  tropical 
regions  to  any  great  extent. 

Enteric  fever  is  most  coitimon  in  the  autumn  months.  It  would 
therefore  appear  that  the  climatic  conditions  then  prevarent  are  most 
favourable  for  the  development  of  the  Gaffky-Eberth  bacillus.  It  is 
more  a  disease  of  rural  than  of  urban  communities,  and  epidemics  in 
the  latter  are,  in  many  instances,  imported  from  the  former.  Whether 
this  fact  is  alone  due  to  the  less  attention  which  is  given  in  rural  districts 
to  the  disposal  of  excreta,  it  is  difficult  to  say,  but  there  is  little  doubt 
that  it  is  an  important  factor  in  its  causation,  by  reason  of  consequent 
pollution  of  water-supplies.  October  is  the  month  of  its  maximum 
prevalence.  The  organism  of  the  disease  is  usually  conveyed  by  infected 
milk  or  water,  but  in  privy-midden  towns,  where  the  disease  is  said  to 
be  more  prevalent  than  in  ash-bin  towns,  there  are  good  grounds  for 
believing  that  the  common  house-fly  and  other  winged  insects  are  im- 
portant factors  in  the  propagation  and  extension  of  the  disease,  because 
of  their  foul-feeding  habits,  and  consequent  convection  of  infective 
material  to  domestic  food-supplies  on  their  antennas,  wings,  or  legs. 

With  regard  to  the  part  played  by  flies  as  carriers  of  infection,  the 
Local  Government  Board  authorised  in  1908  an  investigation  on  the 
subject  by  Monckton  Copeman  and  Nuttall.    The  preliminary  report  ^ 
gives  a  large  amount  of  interesting  information  regarding  the  more 
important  species  of  flies  found  in  houses,  and  the  breeding  of  flies.  It 
would  appear  that  ten  or  eleven  species  may  be  found,  but  the  commonest  i 
are  the  common  house-fly,  Musca  domestica,  the  lesser  house-fly,  Homa-  \ 
lomyia  canicularis,  the  blue-bottle  fly,  Calliphora  enjthrocephala,  and  the  ' 
Muscina  stahulans.    It  is  further  shown  that  at  an  average  temperature  ' 
of  70°  F.,  the  eggs  of  these  flies  hatch  in  24  hours,  the  larval  stage 
occupying  eleven  days,  and  the  pupal  stage  an  average  of  ten  days. 

_  Klein  has  examined  a  number  of  flies  with  reference  to  their  acting  \ 
as  carriers  of  the  B.  typlwsus  and  B.  coli  comimmis,  with  the  result  that  1 
the  latter  was  undoubtedly  found,  as  also  an  organism  indistinguishable  | 
from  the  former  in  morphological,  cultural,  and'agglutinative  character- 
istics.2    Since  the  infective  matter  is  thrown  out  of  the  body  chiefly  by 
stools  and  urine,  great  care  should  be  exercised  in  their  disinfection. 

Summer  diarrhoea,  too,  prevails  more  extensively  in  summer  and 
autumn  than  in  winter.  Ballard's  report  on  this  subject  to  the 
English  Local  Government  Board  in  1889  deals  exhaustively  with 
the  cause  and  incidence  of  summer  diarrhoea.  The  inquiry  was 
undertaken  because  of  the  high  mortality  from  diarrhoea  which 
annually  recurred  in  Leicester.  Preliminary  inquiry,  however,  at 
once  showed  that  many  other  places  were,'  in  this  respect,  to  be 
ranked  with  Leicester.  Before  Ballard's  investigations,  it  had  been 
observed  that  a  high  diarrhoeal  mortality  was  contemporary  with  a 
high  atmospheric  temperature,  and  a  low  mortality  with  relatively  low 
temperatures,  but  he  was  able  to  show  that  the"  temperature  of  the 

•  Local  Government  Board  Reports  (New  Series,  No.  .')). 
2  B.M.J.,  vol.  ii.,  1908, 1).  1150. 

Enteric  Fever  and  Slaughter-Houaes.  Local  Government  Board  Revort  bv 
Spear,  1889.  ^    '  ^ 


350  PUBLIC  HEALTH 

surface-layers  of  tie  earth  was  probably  of  more  importance  than  the 
temperature  of  the  air.    His  data,  indeed,  go  to  show  that  as  soon  as  a 
4-foot  earth-thermometer  mdicated  a  mean  earth-temperature  of  65^ 
i .,  the  summer  rise  of  mortality  from  diarrhoea  commenced,  irrespective 
of  the  air-temperature  or  indeed,  of  the  temperature  of  the  uppermost 
one-foot  layer  of  soil     His  second  important  conclusion  was  that  the 
composition  of  the  surface-layers  of  the  ground  played  a  not  unimportant 
part;  for  example,  summer  diarrhcea  was  not  found  to  prevail  in  epidemic 
form  m  houses  the  foundations  of  which  were  built  on  solid  rock  but 
that  It  did  prevail  to  a  considerable  degree  among  the  occupants  of 
dwellings  whose  foundations  were  laid  on  permeable  soil,  subject  to 
fluctuation  m  relative  proportions  of  ground-air  and  ground-water 
ihus  sandy  soil  favours  and  a  clayey  soil  hinders  or  is  not  favourable 
to  the  genesis  and  prevalence  of  the  disease.    Excrementitious  pollu- 
tion of  the  soil  IS  an  additional  incentive  factor.    Even  dwellinLrs  built 
upon  fissured  rock  strata,  the  fissures  of  which  contain  such  pollution 
show  a  relatively  higher  prevalence.    The  third  conclusion  which  he 
reached  as  inducive  of  the  disease,  is  density  of  buildings  on  areas  bv 
which  the  free  movement  of  air  is  restricted  or  prevented,  the  most 
pernicious  aiTangement  of  houses  being  that  of  the  Idnd  known  as  "  back- 
to-back    houses.    While  the  existence  of  dirt,  want  of  light,  and  de- 
tective ventilation  are  contributory  factors,  there  has  been  little  or 
no  evidence  to  indicate  that  even  the  use  of  a  polluted  water-supplv 
operates  as  an  important  factor.^    The  B.  enteriudis  spororfeaes  is 
most  commonly  found  m  the  months  of  summer  and  autumn 

lellow  tever  IS  confined  to  climates  verv  different  from  that  of 
CnZ  ?f  ••  11'  '.x?S«  distribution  is  limited  to  the  West 
Coast  of  Africa,  the  West  Indies  and  Gulf  of  Mexico,  some  narts  of 

KnlVJ    fT^^'f  *°  ^^'^'^^^  «^       Atlantic  and  Pacific  sea- 

boards of  North  America.  Within  these  limits  it  is  usually  endemic 
btrangers  are  more  liable  to  be  seized  than  natives,  since  the  latter  have 
become  acclimatised.  Immunity  is  only  estabhshed  after  long  residence 
and  even  then  is  but  imperfect,  although  second  attacks  are  compara- 
tively rare.  A  temperature  below  65°  F.  prevents  the  diffusion  of  the 
disease,  ihe  spread  of  the  disease  in  Sept.  1865  among  the  population 
ot  bwansea  from  a  ship  which  arrived  in  port  infected  with  vellow 
lever  must  be  attributed  to  the  high  temperatures  which  prevailed  at 
tne  time.  Twenty  inhabitants  of  the  town  were  seized  on  that  occasion 
ilie  specific  micro-organism  has  not  yet  been  isolated  ;  more  than  one 
has  been  declared  to  be  the  causal  factor,  but  not  one  has  been  proved 
beyond  doubt.  ^ 

Tin  SanarelH  described  the  B.  icteroides,  and  Sternberg  in  1890,  the 

tmm  us  X,  both  of  which  were  suspected  at  the  time  to  be  the  cmisa  caum  of 
this  disease.    But  Reed  and  Carroll  ^  showed  that  they  belonged  to  the  hog- 

whTl^if  ^'^^  Myers  studied  this  disease,  from 

Which  the  latter  unfortimately  lost  his  Ufe.  A  full  account  of  their  researches 
b/.!L  1  T,^^^?"^'  *h°y  were  unable  to  isolate  any  organism  wliich  could 
Dejtbsolutely  shown  to  be  tlie  specific  micro-organism  of  the  disease.  Reed, 

1  Lancet,  vol.  i.,  1898,  p.  897. 

Local  Oovernment  Board,  Supplementary  Report,  1889 
Jour.  Exper.  Med.,  Dec.  1900. 


PREVENTABLE  DISEASES 


351 


Carroll,  and  Agi-amonte,  at  the  Pan-American  Medical  Congress  in  1901,  pre- 
sented a  communication  embodying  their  reasons  for  the  belief  that  the 
mosquito,  Culex  fasciatus — now  Imown  as  Stegomyia  fasciata, — serves  as  an 
intermediate  host  for  the  parasite  of  yellow  fever.  The  whole  subject  is  still 
under  investigation :  but  this  view  may  now  be  held  to  be  well  estabhshed. 

Relapsing  fever — sometimes  called  bilious  typhoid  or  famine  fever 
— is  much  more  infreqiient  in  its  incidence  in  this  country  than  most  of 
those  already  named.  It  has  a  noteworthy  coincidence  both  as  to  time 
and  place  with  typhus  fever,  and,  lilce  it,  seems  to  be  contingent  upon 
privation  and  overcrowding.  The  causal  factor  is  the  Spirillum  Ober- 
meieri,  W'hich  is  so  named  after  Obermeyer  who  first  discovered  it.  It 
cannot  be  successfully  inoculated  in  the  lower  animals  except  in  the 
anthropoid  apes.  Relapsing  fever  has  not  visited  this  country  in 
epidemic  form  since  1870-1871.  It  is  both  contagious  and  infectious. 
In  some  epidemics,  notably  the  last,  laundry-women  who  washed  the 
clothing  of  those  affected  were  seized  with  the  disease.  It  would  appear 
to  confer  but  a  passing  immunity  on  those  attacked. 

Enteric  Fever. — The  causative  organism  of  this  disease  is  the  B. 
typhosus  which  was  discovered  and  isolated  by  Eberth.  Much  longer 
time  has  elapsed,  however,  since  enteric  fever,  or  typhoid  fever  as  it 
was  then  called,  was  differentiated  clinically  from  typhus  fever.  AVhile 
the  chief  credit  of  establishing  the  clinical  entities  of  these  two  diseases 
must,  perhaps,  be  given  to  Sir  Wilham  Jenner,  it  must  not  be  forgotten 
that  the  claim  must  historically  be  divided  between  Jenner  and  two 
Glasgow  physicians,  Dr  Alexander  P.  Stewart,  who  afterwards  settled 
in  London,  and  Dr  Perry,  who  remained  in  Glasgow.  As  we  have 
worked  out  in  detail  the  evidence  in  another  writing  it  need  not  be  de- 
tailed here.^ 

The  B.  typhosus  is  a  long  thin  rod,  actively  motile,  has  about  ten 
flagella  which  are  long  and  wavy  in  character,  and  is  stained  readily 
with  ordinary  stains.  When  the  organism  invades  the  human  body,  its 
elect  seat  of  main  activity  is  the  intestinal  tract,  but  it  may,  however, 
invade  the  pulmonary  tract  and  give  rise  to  a  form  of  pneumonia.  The 
latter  form  of  invasion  is  usually  signalised  in  individual  or  single  cases, 
but  in  one  Glasgow  epidemic  the  true  character  of  the  disease  was  ob- 
scured at  the  commencement  by  the  general  prevalence  of  lung-symptoms 
in  those  attacked. 

The  incubation-period  of  the  disease  is  between  twelve  and  twenty 
days.  The  infective  material  is  mainly  shed  from  the  body  by  the  in- 
testinal excretions,  and  the  period  of  infectivity  in  any  case  is,  therefore, 
determined  by  the  length  of  time  during  which  the  bacillus  is  to  be 
found  in  the  stools.  In  certain  cases  this  may  cover  a  considerable 
period  of  time. 

There  have  been,  as  yet,  relatively  few  observations  respecting  the 
time  after  the  onset  of  an  attack  when  bacilli  appear  in  the  dejecta. 
Those  of  Drigaloki  are,  therefore,  of  some  value.  After  examining 
sixty-four  cases  in  which  the  commencement  of  the  disease  could  be 
determined  with  some  certainty,  that  observer  found  that  in  ten  cases 
the  bacilli  appeared  in  the  faeces  during  the  first  five  days,  in  fifteen 

1  Trans.  Philoaoph.  Soc.  Glasgow,  188G.    The  Epidemic  History  of  Glasgow, 
1783—1883. 
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cases  between  the  sixth  and  tenth  day,  in  twenty-one  cases  between 
the  eleventh  and  twentieth  day,  in  eight  cases  during  the  fourth  week  b 
seven  cases  rom  the  fifth  to  the  tenth  week,  and  in  three  cases  thev  pei^ 
sisted  up  till  three  months  after  attack.  •'  ^ 

Various  observers  as  Kutscher,  Curschmann,  Schottmuller,  Busquet 
and  others  have  proved  the  presence  of  the  bacillus  in  the  blood  of 
patients  within  the  first  seven  days  of  the  illness  and  throughout  the 
entire  febrile  stage  of  the  illness.  ^ 

organism  may  also,  in  rarer  cases  perhaps,  remain  in  the  urinary  i 
tract,  producmg  the  condition  known  as  bacilluria  ^  1 

inf^viflT  ^'l*^'  formation  in  the  kidney  of  small  capillary 

infarcts  and  inflammatory  areas.    Owing  to  the  rapid  breakdown  of 
tissue  m  these  soaall  areas,  the  bacilli  elcape  into  the  uS  Baeill 
are  not  filtered  through  the  kidney  structure  with  the  urine.  Sometimes 
baciUuna  IS  more  associated  with  a  cystitis  than  with  a  chronic  nephritis 
_     bmce  the^.  coh  commums  of  Escherich  is  a  constant  inhabitant  of  the 
intestine,  and  is  commonly  found  in  excretally-poUuted  foods  and  hquids 
and,  besides,  is  morphologically  and  culturally  not  unlike  the  B  typCus 

reru;s:^kii^~^  ^^^^  ^^^^id  be 

folbiing'!'-!!^  difl:erential  tests  which  are  now  relied  upon  are  the 


Morphology 


Motility 


Flagella 


Gelatin      "  shake  " 
cultures 

Litmus-nailk  cultures 


Neutral-red  media. 


Gelatin,    agar,  and 
other  media. 


B.  coli  communis 


Short  rods,  hardly  longer 
than  broad,  but  vari- 
able in  size,  and  indis- 
tinguishable, in  some 
strains,  from  B.  typho- 
sus. 

Usually  feebly  motile  ; 
but  some  strains  are 
actively  motile. 

In  number  5,  6,  8  or 
more ;  short ;  stain  with 
difSculty. 

Usually  give  abundant 
gas  production,  though 
not  invariably. 

Marked  by  acid  witli  firm 
clot  in  most  strains ; 
others,  however,  fail  to 
clot  milk  and  are  only 
slightly  acid  ;  some  do 
not  produce  acid. 

Produces  greenisli-yellow 
fluorescence ;  some' 
strains  fail  to  do  so. 

Rapid  and  luxiu'iant 
growth. 


B.  typhosus 


Long  thin  rods,  but 
variable  in  size  in 
different  strains. 


Actively  motile. 


In  number  usually  about 
10  ;  long  and  wavy  ; 
stain  easily. 

No  gas  formation. 


Slightly  acid ;    no  clot- 
ting. 


Red  colour  imchanged. 


Slow  and  less  luxuriant 
growtli. 
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Potato  medium 


Proskauer  and  Cap- 
aldi  media,  I.  and 
II. 

Indol  in  Broth 


PfeifEer's  Test 


Serum  Test. 


Niitrose  -  lactose  -  lit  - 
mus-crystal  violet- 
agar  mediimi 

(Drigalski  -  Conradi 
medium). 


i).  coli  cmnmunis 


Fawn  or  brownish-col- 
oured growth,  usually 
luxuriant ;  some  strains 
produce  a  transparent 
growth. 

On  medium  I.  grows  with 
acid  production. 

On  medium  II.  grows,  but 
no  acid  production. 

Produces  indol  usually  ; 
some  strains  fail  to  do 
so. 

Serum  of  a  typhoid-im- 
mimised  animal  does 
not  protect  against  in- 
oculation of  a  lethal 
dose. 

Commonly  negative  ;  but 
some  strains  give  a 
positive  result. 

Produces  in  24-36  hoiu-s 
at  37°  C.  red  colonies 
due  to  acid  production. 


Transparent,  coloui'less 
growtli. 


On  medium  I.  little  or  no 

growth. 
On   medium   II.  grows 

with  acid  production. 

Does  not  produce  indol. 


Does  protect. 


Commonly  positive. 


Produces      violet  -  blue 
colonies. 


Sources  of  Infection. — It  has  already  been  shown  that  Avater-siipplics 
polluted  with  specific  excretal  matters  give  rise  to  outbreaks  of  enteric 
fever  of  varying  intensity  and  extent  {v'ide  p.  176),  and  nothing  is  better 
established  than  that  milk  similarly  contaminated  will  produce  like  re- 
sults.   In  Glasgow  alone,  for  example,  during  the  past  thirty  years  or 
thereby,  almost  every  epidemic  outbreak  of  this  disease  has  been 
traced  to  infected  in-brought  milk  from  outside  farms  or  dairies.  This 
is,  perhaps,  equally  true  of  other  places.    Shellfish  raised  in  sewage- 
polluted  waters  also  give  rise  to  hmited  outbreaks.    Conn  in  1894.  first 
drew  attentio.n  to  this.^    Many  others  have  done  so  since.    Much  work, 
indeed,  has  been  done  in  this  branch  of  the  subject  by  different  observers 
at  home  and  abroad,  and  inquiries  have  been  instituted  at  the  instance 
of  the  Local  Government  Board  of  this  country.    Among  the  workers 
in  this  country  may  be  named  Klein,  Cartwright,  Boyce,  Hcrdman, 
Bruce  Low,  Timbrel  Bulstrode,  Wood,  Nash  and  others,  and  Netter 
and  others  abroad.    Klein's  reports  to  the  Fishmongers'  Company 
respecting  the  vitaUty  of  B.  typhosus  in  oysters,  mussels,  and  cockles, 
confirm  the  observations  of  Plerdraan  and  Boyce  that  the  oyster  can 
retain  the  living  organism  for  some  daj^s,  but  that  the  organisni  does  not 
niultiply  in  the  mollusc  and  eventually  dies  out;  and  that  typhoid- 
mfccted  oysters  will  rid  themselves  of  the  organism  in  about  six  days, 

'  Naw  York  Med.  Record,  1894. 
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if  they  are  kept  in  frequently  changed  sea-water.  Cockles  are  more 
dangerous,  in  respect  that  they  take  up  a  larger  number  of  oi'ganisms 
relative  to  their  size  and  do  not,  like  the  oyster,  possess  the  power  of 
devitalising  the  organism.  A  limited  outbreak  of  enteric  fever  developed 
in  Glasgow  in  1908,  due  to  mussels  and  whelks,  among  persons  who 
had  gathered  the  polluted  shellfish  in  a  sewage-polluted  arm  of  the  sea, 
and  had  eaten  them  after  having  brought  them  home. 

There  can  be  little  doubt,  also,  that  the  disease  may  be  spread  by 
specifically  polluted  dust,  and  by  the  agency  of  foul-feeding  insects, 
such  as  flies.  It  is  not  improbable  that  to  these  causes  is  largely  attri- 
butable the  relatively  greater  prevalence  of  enteric  fever  in  privy- 
midden  towns  in  wliich  scavenging  and  cleansing  are  imperfectly  or 
inefficiently  carried  out.  Attention  to  the  transmissibility  of  this'^and 
like  diseases  in  this  country  by  the  agency  of  insects  has  been  stimulated 
by  the  knowledge  gained  of  late  years  respecting  the  parts  played  by 
insects  abroad  in  the  transmission  of  diseases.  The  domestic  house-fly, 
the  blue-bottle  fly,  and  others  are,  however,  but  passive  carriers  of  con- 
tamination on  their  antenna;  and  legs.  That  they  are  capable  of  so 
conveying  infective  material  from  one  substance  to  another  has  been 
demonstrated  by  experiment  by  different  observers.  In  camps,  the 
two  foregoing  factors,  as  well  as  polluted  water  and  food,  have  played 
in  the  past  an  important  part  in  the  propagation  of  this  disease  and  also 
dysentery,  as,  for  example,  in  the  South  African  War,  and  in  army 
camps  in  the  United  States  of  America.  It  is  most  probable  that  this 
is  largely  due  to  the  position  of  latrines  and  the  faulty  disposal  of  ex- 
crem_ental  matter.  In  the  army  camps  assembled  in  "selected  sites  in 
Virginia,  Georgia,  and  other  places  in  the  United  States  of  America 
during  the  Spanish- American  War  of  1898,  of  107,933  officers  and  men 
in  92  regiments  there  were  attacked  with  enteric  fever  between  May  and 
September  no  fewer  than  20,738  persens,  or  nearly  one-fifth  of  the  whole 
force,  of  whom  1,580  persons  or  14-63  per  1000  died.  Investigation  of 
1608  individual  cases  showed  that  of  that  number  563  or  35-10  per  cent, 
were  directly  connectable  attacks,  i.e.,  occurred  in  same  tents,  and  the 
447  or  27-79  per  cent,  were  indirectly  connectable  attacks,  i.e.,  occurred 
in  nex-t  tents. ^  This  evidence  points  to  direct  infection  from  person  to 
person  being  more  common  under  certain  circumstances  than  has  hither- 
to been  believed. 

On  the  other  hand,  at  the  Assouan  Barrage  Works,  Egypt,  where  in 
1898  there  was  encamped  a  mean  number  of  923  Europeans  and  5463 
natives  in  one  large  camp,  not  a  single  case  of  enteric  fever  originated 
locally  during  two  years,  although  during  that  period  on  nine  occasions 
was  the  disease  imported  from  outside  ;  and  there  was  not  a  single  death 
from  it.  These  facts  are  all  the  more  noteworthy  because  tw  elve  years 
before,  in  1886,  there  was  encamped,  on  the  very  same  site,  a  force  of  the 
British  army  about  twice  as  large  in  numbers,  of  whom  276  were  seized 
with  enteric  fever.  This  outbreak  of  1886  was  attributed  to  air-borne 
dust  and  the  local  insanitary  conditions  inseparable  from  camps.  The 
freedom  from  the  disease  in  the  Barrage  camp  is  believed  to  ])e  due  to 
the  greater  care  exercised  in  the  latrine-arrangements  and  disposal  of 

*  Reports  by  Drs  Reed,  ViuigUau,  ivnd  Sliakespoare,  "  On  Origin  and  Spread 
of  Typhoid  Fever  during  the  Spanish  War,  1898."    Wasliington,  1900. 
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the  excreta,  since  the  air-borne  dust  conditions  must  be  reckoned  as  the 
same  in  both  cases. 

The  question  of  dust-originated  enteric  fever  raises  the  question  of  the 
vitality  of  the  B.  typhosus  in  soils.  On  this  subject  the  results  of  different 
experimenters  and  observers  are  somewhat  conflicting,  possibly  arising 
from  want  of  parallelism  "in  conditions  of  experiment  or  other  circum- 
stances.   Martin,  in  his  report  to  the  English  Local  Government  Board, 
stated  that  the  typhoid  organism  remained  alive  for  long  periods  in 
sterilised  cultivated  soils,  but  that  it  quickly  died  out  in  sterilised  virgin 
soils  ;  that  in  unsteriUsed  soils,  or  artificially  contaminated  soils,  when 
regard  was  paid  to  temperature  and  moisture,  the  organism  could  be 
isolated  up  to  twelve  days.   Kobertson  of  Sheffield  concluded  from  his 
experiments  that  the  organism  could  live  for  long  periods  in  certain 
soils,  and  that  it  could  grow  to  the  surface  when  planted  at  a  depth  of 
eighteen  inches.    According  to  Koch,  the  bacilli  may  persist  in  manure 
throughout  a  winter.    Dealing  with  an  outbreak  oi  enteric  fever  in 
Gelsenldrchen  in  1901,  Emmerich  and  Wolter  ^  found  that  in  soil  much 
contaminated  with  human  and  animal  excreta,  the  typhoid  bacillus 
coidd  not  only  live  for  months,  but  under  favourable  conditions  may 
even  multiply.    Pfuhl    was  able  to  isolate  the  bacillus  from  different 
infected  soils  as  follows  :  (1)  from  moist  garden  earth  after  88  days  ; 
(2)  from  dry  sand  after  28  days  ;  (3)  from  moist  peat,  21  days  ;  and  (4) 
from  dried  linen  after  97  days.    Firth's  results,  published  before  these 
of  Pfuhl,  corresponded  closely :  they  v/ere  74,  25,  13  and  74  days  re- 
spec  tively.    The  chief  differentiating  culture-medium  used  by  Pfuhl  was 
the  Drigalsld-Conradi  medium,  and  by  Firth,  litmus-glucose-agar  of 
definite  alkalinity.    German  o  =^  pulverised,  sifted,  and  sterilised  samples 
of  house-dust,  sand,  humus,  peat,  etc.,  and  saturated  them  with  bouillon- 
cultures  of  B.  tyjihosus,  the  liquid  parts  of  agar- cultures,  or  actual  typhoid 
faeces.    The  first  set  of  samples  were  placed  in  open  vessels  in  the  air, 
and  in  these  the  bacilli  were  found  to  have  died  in  those  treated  with  the 
bouillon  culture  in  24  hours,  and  in  those  treated  with  the  excreta  six 
days.    Another  set  was  placed  in  a  moist  incubating  chamber,  and  in 
all  of  these  the  baciUi  were  active  after  60  days.    Portions  of  clothing 
were  steeped  in  typhoid  excreta  and  placed  in  open  vessels  in  the  air 
of  a  room.    Linen  and  cotton  were  found  at  the  end  of  60  days  to  have 
retained  their  infectivity,  and  flannel  at  the  end  of  90  days.    As  exempli- 
fying the  vitality  of  B.  typhosus  in  soiled  woollen  articles,  the  following 
facts  are  important.    In  April  1903,  enteric  fever  broke  out  amona;  the 
boys  on  the  training  ship  Cornwall.    A  lot  of  blankets  had  shortly  before 
this  been  bought  for  the  ship.    It  was  observed  that  some  of  these  bore 
marks  of  having  been  soiled.    Some  of  these  were  submitted  to  Klein 
for  bacteriological  examination,  and  he  found  the  stains  to  be  swarming 
with  the  typhoid  organism.    On  inquiry  it  was  found  that  the  bought 
blankets  Avere  part  of  a  consignment  wliich  had  been  returned  from  the 
South  African  War  to  the  Army  Stores,  and  which  had  been  sold.  The 
question  of  the  origin  of  enteric  fever  from  sewer-gas,  sewer-air,  and 

1  Die  Entslehunr/sursachen  der  Oehenkirchcner  Typhua-Epidemie  von  1901, 
Mtmicli. 

'     2  ZeitH.  f.  Hyr/..  ]',(!.  xl.,  Hb.  3,  p.  .-joG. 
^  Ibid.,  xxiv.,  p.  3. 
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ground-air  is  still  doubtful.  British  experiments  on  the  air  of  sewers 
do  not  seem  to  warrant  the  belief  that  such  a  cause  is  common,  but 
Alossi's  experiments  on  rats,  guinea-pigs,  and  rabbits  exposed  to  sewer 
air  and  gases,  point  to  an  inimical  influence  therefrom.  It  would  j)ro- 
bably  be  nearer  the  truth  to  say  that  exposure  to  such  atmospheres 
lowers  the  bodily  vitality,  and  renders  those  so  exposed  to  be  more 
susceptible  to  infection  when  it  ofl"ers.  Ground-air  from  polluted  infected 
soils  must  be  supposed  under  favourable  circumstances  to  be  liable  to 
carry  the  organism,  but  the  subject  must  still  be  held  to  be  sub  judice. 

Foods  of  different  kinds,  which  have  been  exposed  to  contamina- 
cion  by  dust  or  by  insects,  have  been  known  to  spread  the  disease.  Milk 
is,  perhaps,  the  chief  of  these,  but  fried  fish  has  been  reported  by  Hamer 
as  the  cause  of  limited  outbreaks  in  Southwark,  Lambeth,  and  Kensal 
Green,  London,  in  September,  1900. 

Water-cresses  grown  in  sewage-polluted  water  have  also  been  blamed 
with  propagating  the  disease.  The  action  of  wines  on  B.  typhosus  has 
been  studied  by  Sabrazes  and  Marcandier.^  Generally  speaking,  they 
found  that  ordinary  wines  exercised  a  distinctly  bactericidal  effect  on 
that  organism  ;  that  white  wines  were  more  potent  in  this  direction 
than  red  wines  ;  that  champagne  destroys  the  organism  in  less  than  ten 
minutes :  that  of  the  red  wines  Beaune  is  the  most  effective,  but  only 
after  exposures  of  about  thirty  minutes,  and  that  this  bactericidal 
power  does  not  seem  to  depend  upon  the  percentage  of  alcohol  in  the 
wines  tested,  which  varied  from  8  per  cent,  to  15  per  cent.,  but  rather 
upon  the  degree  of  acidity  of  the  wines.  When  a  white  wne  found 
to  be  distinctly  acid  was  rendered  neutral,  the  bacillus  which  was  then 
killed  was  now  able  to  live.  White  wines  are  more  likely  to  show 
acidity — hyperacidity — than  red  wines,  the  former,  in  addition  to  organic 
acids,  containing  srnall  variable  amounts  of  free  sulphuric  acid. 

Infected  mangles,  doubtless  due  to  imperfectly-washed  infected 
clotliing,  have  been  held  by  Priestley  to  be  the  cause  of  a  limited  outbreak 
in  Lambeth,  London,  in  1900. 

Typhoid  "  Carrier^.'" — Certain  anomalous  circumstances  in  the 
causation  of  repetitive  sporadic  cases,  and,  indeed,  of  small  explosions 
of  enteric  fever,  led  gradually  to  the  suspicion  that  it  might  not  be  im- 
probable that  otherwise  seemingly  healthy  persons  might  be  the  un- 
conscious hosts  of  the  typhoid-bacillus  and  propagators  of  the  disease. 
It  was  known  that  in  certain  cases  after  recovery  fi'om  the  clinical 
symptoms  of  an  attack,  the  typhoid-organism  persisted  in  the  urinary 
tract  and  was  to  be  found  in  the  urine  in  the  affection  known  as  bacilluria. 
Horton  Smith  in  1897  ^  had  drawn  attention  to  the  presence  of  the 
bacillus  in  the  urine  of  enteric-fever  patients  during  the  clinical  mani- 
festations of  the  disease.  Further  investigation  by  him  showed  that 
the  organism  was  nearly  always  to  be  found  in  pure  culture  under  those 
circumstances,  and  that  occasionally  1  c.c.  of  urine  might  contain  as 
many  as  five  hundred  millions  of  organisms.  If,  then,  the  bacillus  may 
persist  in  the  urine,  why  not  also  in  the  intestinal  tract,  and,  therefore, 
in  the  f feces  ?  Attention  was  first  drawn  by  Gernum  observers  to  the 
fact  that  certain  persons  were  actually  the  harbourers  of  the  organism, 

*  Ann.  de  VInat.  Pasteur,  April  25,  1907. 
»  Med.  Chir.  Tram.  London,  1897. 
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aud  by  their  intestinal  dejecta  were  the  unconscious  distributors  of 
enteric  fever.  Df  these  observers  may  be  named  Kayser,  Klinger, 
Nieter  and  Liefmann,  Levy,  Friedel,  Dehler  and  others.  Kayser's 
case  of  the  female  baker  in  Strassburg  ^  is  now  classical.  In  the  bakery, 
of  which  this  woman  was  the  owner  and  employer,  it  had  been  noted 
that  every  new  employee  was  sooner  or  later  seized  with  symptoms  re- 
sembling enteric  fever,  from  which,  indeed,  some  of  them  had  died. 
Suspicion  fell  on  this  woman's  condition,  and  on  her  fseces  being  examined 
they  were  found  to  contain  tj^hoid  bacilli  in  large  numbers.  Her 
blood  was  found  to  respond  to  Widal's  test  in  dilution  up  to  1 :  100. 
The  same  obsei-ver  isolated  another  "  carrier  "  in  a  Avomau  engaged  in 
the  milk-trade,  arising  out  of  an  investigation  concerning  a  milk- 
produced  epidemic.^  It  is  noteworthy  that  in  the  case  of  a  third  carrier, 
who  had  had  enteric  fever  about  thirty  years  before,  her  illness  was  com- 
plicated by  jaundice.  Nieter  and  Liefmann  isolated  seven  "  carriers  " 
in  a  lunatic  asylum  of  250  patients  in  1906.^  Friedel  found  a  "  carrier  " 
in  another  asylum  in  1907.* 

So  far  as  the  German  investigations  have  gone,  it  would  seem  as  if 
asylums  were  a  fruitfiil  source  of  "  carriers  "  of  the  disease. 

It  was  not  long  before  similar  discoveries  were  made  in  this  country. 
In  Glasgow  and  neighbourhood,  an  epidemic  of  enteric  fever  broke  out 
early  in  December  1907,  and  continued  into  the  third  week  of  January 
1908,  in  which  139  persons  (115  in  Glasgow,  21  in  Partick  and  13  who 
sickened  after  leaving  Glasgow)  were  attacked.  Of  the  126  local  cases, 
8  died.  The  attack  rate  was  iDetween  4  and  5  per  cent.,  and  the  case- 
fatality  rate  was  5-5  per  cent.  Investigation  traced  its  connection  with 
a  particular  milk-supply.  On  20th  December,  the  persons  employed  in 
connection  with  a  county  dairy-farm,  one  of  the  sources  of  supply  to  the 
suspected  dairy,  were  examined.  One  person  was  found  ill.  She  had 
been  confined  to  bed  from  10th  December,  and  was  being  medically 
attended  by  a  doctor,  who  first  saw  her  on  12th  December,  and  believed 
her  to  be  suffering  from  influenza.  Through  some  misunderstanding,  a 
sample  of  her  blood  was  not  obtained  for  examination  until  24th  De- 
cember, aud  it  was  accompanied  by  the  information  that  her  illness  was 
pneumonia  of  the  right  lung.  Her  blood,  however,  gave  a  good  positive 
reaction  with  the  Widal  test.  She  was  removed  to  the  County  Hospital. 
Although  this  case  might  reasonably  be  associated  as  the  cause  of  the 
outbreak  which  culminated  about  11th  January,  it  could  not  account 
for  the  cases  prior  to  14th  December.  The  question  therefore  arose  : 
Did  the  case  of  this  woman,  as  well  as  the  earlier  cases,  arise  from  a 
hitherto  unsuspected  "carrier"  case?  Dr  E.  M.  Buchanan,  the 
bacteriologist  of  the  city  of  Glasgow,  set  about  a  bacteriological  examina- 
tion of  the  milk-utensils,  drains,  etc.,  at  the  farm  for  evidence  of  the 
typhoid-bacillus,  bat  with  a  negative  result.  He  thereupon  turned  his 
attention  to  the  milkers.    In  the  end,  it  was  discovered  that  one  elderly 

1  Arb.  a.  d.  Kaiserl.  Oeaundh.,  Bd.  xxiv.,  p.  176. 

2  Ibid.,  p.  173  ;  ibid.,  Bd.  xxv.,  p.  223. 

•■'  Miinch.med.  Woch.,  1900,  p.  101 1  ;  ibid.,  1<)07,  p.  1G22. 

•»  Zeitachr.  /.  med.  Beamte,  No.  6,  1907.  Vide  also  :  Deliler,  Miinch.  med. 
Woch.,  No8.  10  and  43,  1907  ;  Klinger,  Arb.  a.  d.  Kaiaerl.  Gesundh.,  Bd.  xxiv., 
p.  91. 
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■woman,  so  employed,  had  suffered  along  with  her  family  from  enteric 
fever  sixteen  j^ears  before.  She  was  sent  into  hospital  in  order  tliat 
reliable  specinients  of  her  dejecta  might  be  obtained  for  bacteriological 
examination.  The  typhoid  organism  was  found  in  the  faeces.  Her 
blood  gave  a  positive  \Vidal  reaction.^ 

Drs  A.  and  J.  C.  G.  Ledingham  have  reported  that  a  certain  lunatic 
asylum  in  Scotland  had,  since  1893,  been  the  centre  of  a  succession  of 
small  outbreaks  of  enteric  fever.  Inquiry  regarding  the  usual  sources 
of  the  infection  proved  negative.  In  September  1907,  they  began  a 
systematic  bacteriological  examination  of  the  stools  of  the  patients. 
From  the  main  building,  samples  of  the  faeces  of  57  female  patients  were 
first  examined.  In  the  dejecta  of  one  of  these — a  woman  who  had  been 
in  the  asylum  since  1896 — typhoid  bacilli  were  found  in  enormous 
numbers.  It  was  not  known  that  sbe  ever  had  had  an  attack  of  enteric 
fever.  She  was  isolated.  A  new  case  of  enteric  fever,  however,  showed 
itself.  The  dejecta  of  34  female  patients  who  were  domiciled  in  another 
part  of  the  asylum  were  next  examined,  and  in  tbe  faeces  of  one  of  them 
— a  woman  aged  61,  who  had  had  enteric  fever  in  1895,  and  who  had  been 
continuously  in  the  asylum  since  that  year — abundant  t}'phoid  bacilli 
were  found.  In  addition  to  these,  a  third  woman,  aged  30^  who  had  had 
enteric  fever  in  1904,  was  also  discovered  to  be  a  "  carrier."  ^ 

Dr  Branthwaite,  H.  M.  Inspector  for  England  under  the  Inebriates 
Acts,  has  reported  au  outbreak  of  enteric  "fever  in  an  Inebriate  Re- 
formatory. The  first  case  occurred  in  September  1906,  and  between 
that  time  and  November  1907,  twenty-eight  persons  were  attacked, 
of  whom  two  died.  These  cases  occurred  in  batches  of  three,  four,  and 
five,  each  batch  sickening  at  the  same  time.  They  occurred  at  irregular 
intervals.  The  only  clue  indicated  the  milk-supply  as  the  cause. 
Three  officers  of  the  institution,  who  lived  and  got  their  food  outside, 
but  who  got  their  milk  from  the  institution,  were  attacked.  Officers 
who  were  supplied  with  undiluted  milk  suffered  in  greater  proportion 
than  the  inmates  who  only  had  their  milk  in  hot  tea  or  cocoa.  The  milk 
in  the  institution  was  sterilised  before  distribution,  and  had  so  been 
prior  to  the  first  outbreak.  Inquiry  showed  no  reason  to  believe  that 
this  was  not  being  properly  done.  "  It  was  concluded,  therefore,  that 
contamination  must  have  taken  place  after  the  sterilisation  process. 
Dr  Davies,  medical  officer  of  health  of  Bristol,  then  began  to  look  out  for 
a  human  "  carrier."  One  dairymaid,  who  had  had  enteric  fever  six 
years  before,  was  found  whose  blood  gave  a  semi-positive  Widal  reaction. 
The  typhoid  bacillus  was  found  in  her  faeces.  '  She  w^as  immediately 
excluded  from  all  dairy  work,  and  up  till  three  months  after  her  exclusion 
no  new  cases  had  arisen.  On  inquiry  as  to  her  duties,  it  Avas  found 
that  the  outbreaks  began  after  she  had  been  admitted  to  kitchen  work, 
but  they  became  more  frequent  after  her  w^ork  became  exclusively 
confined  to  the  dairy.  Infective  excreta  were  found  to  be  passed  only 
intermittingly.-'' 

Dean  has  recorded  the  facts  of  the  case  of  a  medical  practitioner, 

1  Report  of  Med.  Off.  of  Health  for  1907. 

2  B.M.J. ,  vol.  j.,  1908,  p.  15. 

^  Report  on  Inebriates  Acts,  1908  ;  B.M.J. ,  vol.  i.,  1908,  p.  701. 
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who,  twenty-nine  years  before;  when  a  young  man,  contracted  enteric 
fever  while  resident  in  America.  Since  his  original  illness  he  had  been 
the  victim  of  repeated  attacks  of  biliary  colic,  sometimes  accompanied 
by  jaundice.  His  faeces  were  found  to  contain  B.  typhosus,  and  his 
blood  gave  a  positive  response  to  Widal's  test  in  1  :  25.  So  far  as  is 
known,  it  does  not  appear  that  he  had  been  the  cause  of  the  disease  to 
any  around  him.^ 

Drs  Findlay  and  R.  M.  Buchanan  of  Glasgow  narrate  the  case  of  a 
woman,  51  years  of  age,  who. 25  years  before  had  had  enteric  fever.  She 
suffered  from  distended  gall-bladder.  Her  blood  was  positive  to  Widal's 
test  in  1 :  50  within  an  hour.  Cholecystotomy  was  performed,  pus  and 
gall-stones  being  removed.  B.  tyfhosus  was  isolated  in  pure  culture 
from  the  pus  at  time  of  operation,  the  organism  being  also  found  in  the 
fceces.  Sixteen  days  after  the  operation,  the  bacilli  were  as  numerous 
in  the  discharge  from  the  gall-bladder  as  in  the  pus  at  time  of  operation. 
They  were  not  got  rid  of,  indeed,  until  after  three  weeks'  further  daily 
douching  of  the  gall-bladder  with  1 : 40  carbolic  acid.  She  died  nine 
weeks  after  the  operation  from  sudden  cardiac  failure.^ 

There  are  two  features  of  these  "  carrier  "  cases  which  are  noteworthy 
as  well  as  interesting.  The  first  of  these  is  that,  up  till  now,  the  majority' 
of  them  have  been  women,  and  the  second,  the  recurring  history  of  bilia.ry 
symptoms  during  the  enteric  fever  attack  and  periodic  continuance  of 
these  long  after  apparent  recovery  from  the  fever.  Jaundice,  as  a  com- 
plication of  enteric  fever,  while  far  from  being  common,  cannot  be  said  to 
be  rare.  Ogilvie  ^  has  drawn  attention  to  the  occurrence  of  jaundice  as  a 
symptom  common  to  several  cases  in  an  epidemic  outbreak,  and  to  the 
literature  of  the  subject.  The  conjunction  of  such  a  history  of  jaundice 
and  the  after  discovery  of  such  persons  as  "  carriers  "  would  almost 
indicate  that,  where  jaundice  is  a  concurrent  symptom  or  an  early  sequel 
of  enteric  fever,  special  attention  should  be  paid  to  the  bacteriological 
examination  of  the  faeces. 

WidaVs  Reaction  or  Serum  Diagnosis  of  Enteric  Fever. — The  serum 
of  the  blood  may,  under  certain  conditions,  acquire  the  property  of 
agglutinating,  agglomerating,  grouping,  or  clumping  some  particular 
organism  when  mixed  with  a  culture  of  that  organism.  Such  happens 
in  the  serum  of  a  person  suffering  from  an  infective  disease  toward  the 
micro-organism  which  is  causative  of  the  disease.  To  test  whether  the 
blood  of  any  such  person  possesses  this  agglutinating  or  clamping 
property,  it  is  only  necessary  to  expose  a  fresh  culture  of  the  organism 
believed  to  be  causative  of  the  disease  to  the  serum  of  a  small  portion 
of  the  blood  taken  from  the  person,  in  certain  dilutions  and  for  certain 
definite  times,  and  to  watch  microscopically  the  results.  After  the 
mi.xture  of  serum  and  microbic  culture  has  been  made  on  a  slide,  what  is 
desired  to  be  discovered  microscopically  is,  whether  the  contained 
organisms  continue  uniformly  distributed  throughout  the  mixture  or 
are  thrown  into  groups  or  clumps,  and,  if  the  latter,  in  what  time,  and, 
second,  if  the  organisms  be  motile,  whether  the  mobility  continues  or 


1  B.M.J.,  vol.  i.,  1908,  p.  562. 
^  B.M.J. ,  vol.  i.,  190G,  p.  385. 
A880C.,  vol.  xlviii.,  p.  2019. 

»  B.M.J.,  vol.  L,  1901.  p.  75. 
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whother  it  ceoses.  It  will  be  observed  tliat  in  Widal's  test  there  are 
two  phenomena— vii,.  (a)  ugtrluti nation,  and  (6)  bactericidal  cITect/ 

Modus  operandi.— tihod  for  the  test  may  be  obtained  by  pricking 
the  ear  of  the  person,  after  the  skin  has  been  well  washed  with  a  mixture 
of  alcohol  and  ether.    It  is  then  drawn  into  a  Wright's  blood-capsule  or 
into  capillary  tubes  which  have  been  carefully  washed  and  sterilised : 
thereafter  the  ends  are  sealed  in  the  flame.    On  8tandin<>  in  the  tubes] 
the  blood  will  separate  into  serum  and  coagulum,  and  the  former  alone 
IS  used  for  the  test.    But  the  serum  requires  to  be  diluted,  the  dilutions 
usually  made  being  1  :  10,  1  :  20,  1  :  50,  and  1  :  100,  but  they  may  be 
made  to  extend  downwards  to  1  :  5000  or  even  1  :  10,000,  althout^h 
these  last  two  dilutions  are  seldom  used.    Where  very  small  amounts 
of  serum  are  being  dealt  with,  these  dilutions  are  commonlv  made  by 
means  of  a  platinum  ware  loop.    A  handy  way  to  make  a  dilution  of, 
say  1  :  10,  is  to  dot  nine  loopfuls  of  bouillon  separately  around  the 
imagmary  centre  of  a  small  circle  and  then  in  the  centre  to  add  one 
loopfrJ  of  the  serum.    By  mixing  the  whole  together,  the  desired  dilution 
IS  obtamed.    Prom  this  the  greater  dilutions  may  easily  be  made. 
Control  dilutions  must  be  made  with  normal  serum  in  the  same  way.  A 
bouillon  culture  of  B.  typhosus  not  more  than  24.  hours  old,  and  incubated 
for  that  time  at  37°  C,  is  the  standard  test-culture  used.    In  order  to 
apply  the  test  microscopically,  equal  quantities  of  the  dilution  of  serum, 
and  of  the  bouillon-culture  of  the  organism  are  mixed  together,  and  a 
hangmg-drop  or  like  preparation  is  made  of  the  mixture.  Examination 
under  the  microscope  is  to  discover  whether  the  organisms  show  anv 
evidence  of  lessening  and  vanishing  motility,  and  whether  clumping 
takes  place,  together  with  the  time  of  clumping.    Note  would  also  be 
taken  of  the  strength  of  the  dilution  relative  to  the  time.    It  is  a  good 
plan  to  note  also  (1)  the  strongest  concentration  and  (2)  the  wealcest 
dilution  of  the  serum  which  will  produce  agglutination  or  clumping. 
With  respect  to  the  lengths  of  time  within  which  the  phenomenon  of 
clumping  is  observable,  it  may  be  taken  generally  that  these  will  depend 
on  the  degrees  of  dilution  of  serum  employed,  the  rule  being  that  the 
greater  the  dilution  the  longer  time  required  for  a  complete  reaction 
to  take  place  ;  indeed,  under  weak  dilutions  there  is  a  risk  that  the 
reaction  will  be  incomplete,  no  matter  the  time  of  exposure.  The 
standard  dilution  used  and  the  gauge  of  time  of  reaction  are  respectively 
1  :  30  and  half  an  hour.    If  complete  clumping  takes  place  under  these 
conditions,  the  diagnosis  that  the  blood  has  been  derived  from  a  person 
who  is  suffering  or  has  suffered  from  enteric  fever  is  as  reasonably  certain 
as  may  be.    With  greater  dilutions  and  longer  exposures  and  incom- 
plete reactions,  the  diagnosis  should  be  given  most  guardedly.    While  in 
certain  exceptional  cases  Widal's  reaction  may  be  obtained  with  the 
blood  of  an  enteric-fever  patient  as  early  as  the  third  or  fourth  day  of 
the  disease,  it  is,  as  a  rule,  most  reliable  when  found  at  the  end  of  the 
first  week  or  thereby  of  the  illness,  while  it  will  continue  throughout  the 
entire  illness,  through  convalescence,  and  for  a  varyingly  long  period 
after  the  person  has  apparently  resumed  normal  health.    In  addition 
to  the  blood,  any  serous  effusion  in  the  body,  or  even  the  bile  or  milk 
of  a  person,  and  in  a  minor  degree  the  urine,  will  respond  to  ^^'ida^s 
test.    It  has  already  been  observed  that  in  the  AVidal  test  are  two  distinct 
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plic'uomena — viz.  agglutination,  and  deatli  of  bacilli.  Tlipsc  properties 
do  not  seeni  to  be  possessed  by  one  and  the  same  constituent  of  the 
serum,  because  the  bactericidal  power  may  be  destroyed  by  exposing 
the  serum  to  a  temperature  of  55°  C.  for  half  an  hour,  while  the  agglu- 
tinative power  is  not  thereby  destroyed  or  changed. 

For  diagnostic  purposes,  when  properly  carried  out  and  when  proper 
inference  from  results  is  made,  the  value  of  Widal's  reaction  is  consider- 
able. Probably  it  will  be  near  the  mark  to  say  that  in  about  95  per  cent, 
of  cases  of  enteric  fever  the  response  will  be  definitely  positive.  At  the 
same  time,  possible  error  may  arise  from  the  fact  that  the  disease  from 
which  a  person  is  suffering  may  not  be  enteric  fever  and  yet  his  serum 
will  give  a  po.sitive  reaction  Avith  B.  typhosus,  and,  in  a  few  odd  cases, 
the  disease  may  be  enteric  fever  and  the  serum  fail  to  give  a  response. 

Antityphoid  Inocvlation  or  Vaccination. — The  only  personally  applic- 
able prophylactic  measure  of  recent  times  with  regard  to  this  disease  is 
Pasteurian  vaccination  or  inoculation.  Wright  and  Semple  have  been 
identified  with  the  practical  carrying  out  of  the  technique  of  the  process 
as  well  as  with  its  inception.  The  organisms  used  for  the  purpose  are  of 
such  virulence  that  one-fourth  of  a  24  hours  old  agar-slope  culture  when 
injected  hypodermically  into  a  guinea-pig  of  350-400  grammes  in  weight 
will  kill  the  animal.  If  such  a  culture  be  emulsified  in  broth,  and  the 
organisms  therein  then  be  killed  by  heating  at  60°  C.  for  five  minutes, 
the  material  for  injection  is  obtained.  When  used  for  vaccination,  a 
quantity  of  the  dead  culture  varying  from  one-twentieth  to  one-fourth 
of  the  original  amoimt  is  injected  hypodermically  into  the  body  of  the 
peiBon,  usually  in  the  flank.  The  effects  are- — (a)  locally :  tenderness 
around  point  of  injection  with,  perhaps,  a  little  swelling  and  tenderness 
of  adjacent  lymphatic  glands ;  and  [h)  constitutionally  :  a  rise  of 
temperature  of  two  or  more  degrees,  and  a  sense  of  restlessness — all  of 
which  usually  pass  off  within  24-36  hours.  The  blood  of  a  person  so 
inoculated  responds  well  to  Widal's  reaction,  thereby  indicating  that 
some  measure  of  immunity  has  been  conferred.  The  protective  inocu- 
lation has  now  been  used  on  a  sufficiently  large  scale  to  test  its  value  ; 
for  example,  of  over  4000  soldiers  in  India  so  vaccinated  only  0-98  per 
cent,  contracted  enteric  fever  afterwards,  while  of  over  25,000  in  the  same 
stations  but  uninoculated,  2-54  per  cent,  fell  victims.^  It  is  said  that 
longer  and  more  effective  protection  against  attack  is  conferred  if  a 
second  operation  is  performed  about  ten  days  after  the  first.  There  seems 
to  be  little  doubt  of  the  prophylactic  value  of  the  inoculation,  if  it  be 
carried  out  in  persons  shortly  before  they  are  about  to  be  exposed  to  the 
disease. 

Bassenge  and  Mayer  hold  the  view  ^  that  the  reaction  which'  follows 
the  injection  of  dead  typhoid-bacilli  is  not  due  solely  or  entirely  to 
specific  substances  contained  in  the  material  inoculated,  but  is  also 
partly  the  result  of 'the  products  of  metabolism  of  the  bacilli  and  other 
substances.  Foimding  on  the  discovery  of  Brieger  and  Mayer  that  after 
living  typhoid-bacilli  have  been  shaken  in  sterile  distilled  water,  and 
filtered  germ-free,  the  filtrate  had  a  high  immunising  value,  Bassenge  and 
Mayer  experimented  on  the  applicability  of  this  to  man.    The  material 

'  "  A  Short  Treatise  on  Aritityplioifl  Tnuciiliition,"  Wriglit,  1904. 
«  Deut.  med.  Woch.,  May  4,  1905. 
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employed  by  them  for  inoculation  is  a  clear,  watery,  yellow-coloured 
shghtly-opalcscent  fluid.  A  single  injection  of  2-5  c.c.  fdves  rise  to 
elevation  of  temperature,  and  the  effect  of  one  such  injection  on  the 
blood-serum  of  the  person  mjected  is  such  that  one  milligramme  of  the 
serum,  taken  from  the  bodyfourteen  days  after  injection,  when  inoculated 
into  a  guinea-pjg  of  about  200  grammes  weight,  could  protect  the  animal 
agamst  a  dose  of  the  typhoid-organism  from  fifteen  to  thirty  times  over 
the  usual  lethal  dose.  Besides,  the  agglutinating  power  of  the  serum 
rose  considerably  though  not  parallel  to  the  bactericidal  power  which 
was  greater.  The  protective  power  of  the  serum  was  found  to  continue 
tor  several  months.  Further  experience  of  this  remedy  will,  doubtless 
determine  its  merits.  ' 

Dysentery.— This  disease  is  endemic  in  many  parts  of  the  world 
and  may  become  epidemic  among  new  settlers  in  any  one  of  these' 
While  It  would  be  difficult  perhaps  to  make  grades  of  distinction  re- 
gaidmg  Its  prevalence  in  different  parts  of  the  globe,  most  obserA^ers 
'^r^^^J^i  ''^  T^*^*^  especially  prevalent  in  the  West  Indies.  India 

the  Malay  Archipelago,  and  Southern  China.  It  is  one  of  the  oldest 
known  of  classical  diseases.  Epidemic  dysentery  does  not  seem  to  have 
prevailed  m  Great  Britain,  although  it  has  been  mentioned  bv  Svdenham 
in  the  epidemic  in  London  in  1609,  and  again  by  Baker  in  1762.  Out- 
breaks of  a  disease,  akin  in  character  and  symptoms  to  dysenterv,  some- 
times called  asylum  dysentery  or  muco-colitis,  are  far  from  rare  in  this 
country  Indeed  m  1904,  in  the  Eeport  of  the  Lunacy  Commissioners 
for  iingland,  it  is  stated  that  outbreaks  occurred  in  no  fewer  than  88 
countv  and  borough  asylums  involving  1016  patients  of  whom  254  died 
-Not  a  few  who  observed  these  outbreaks  have  reached  the  opinion  that 
they  are  m  no  way  different  from  tropical  dysentery.  In  Lyons,  in  1904, 
67  cases  of  the  disease  appeared  among  the  soldiers  of  the  garrison.^ 

The  causative  organisms  of  the  disease  are  (1)  fhitamceha  hystolu- 
tica  (Schaudinn),  (2)  Shiga's  bacillus,  (3)  B.  dysentericB  (Flexner),  and 
(4)  the  pseudo-dysentery  organism  of  Kruse. 

Dopter,  who  has  made  an  elaborate  study  of  the  disease  from  the 
bacteriological  side,^  points  out  that  in  the  serum  of  animals  vaccinated 
against  the  bacillus  of  dysentery,  and  in  the  serum  of  persons  infected 
with  dysentery  of  bacillary  origin,  a  specific  fixative  substance  is  found 
which  m.ay  be  demonstrated.    In  the  latter,  it  mav  be  found  in  the  serum 
by  the  end  of  the  first  week  of  illness,  and  to  persist  throughout  convales- 
cence.   It  IS  independent  of  agglutinative  power.    This  fixative  is  not 
found  in  amoebic  dysentery.    Both  in  animals  and  in  man,  a  serum 
rendered  specific  by  one  kind  of  dysenteric  bacillus  is  capable  of  acting 
as  a  fixative  to  other  dysentery-producing  bacilli ;  thus  the  Shiga 
bacillus,  the  Flexner  bacillus,  and  the  pseudo-bacillus  of  Kruse  exhibit 
in  this  respect  an  identical  reaction.    Dopter  is  of  opinion  that 
this  fact  has  an  important  bearing  on  the  possible  difierences  in  etio- 
logical significance  of  the  so-called  types  of  dysentery  bacilli.  While 
the  Shiga  and  the  Flexner  types  are  distinguishable  bv  their  difference  in 
agglutinative  reactions  and  by  cultural  differences,  "he  believes,  owing 
to  the  production  in  common  of  this  specific  fixative  substance,  they  are 
1  Brmin,  Roussol,  and  Job,  Lyoiw  Mid.,  Jan.  1,  1905. 
"  Ann.  de  VInst.  Pasteur,  Dec.  1905. 
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biologically  identified,  and  that  these  "  types  "  are  not  specifi.cally 
distinct  organisms  in  the  sense  that  they  are  capable  of  setting  up  differ- 
ent types  of  dysenteric  disease.  Any  differences  they  may  possess  are 
akin  to  the  differences  found,  for  example,  in  different  strains  of  cholera 
vibrios.^ 

Smallpox. — The  quest  for  the  causa  causans  of  variola  has  been  long 
and  arduous,  and  remains  still  in  the  region  of  speculation  notwith- 
standing the  laborious  researches  of  many  experimenters  of  many 
countries.  It  is,  without  doubt,  contained  in  variolous  matter,  and  in  a 
modified  form  in  vaccinal  Ijmph. 

So  far  back  as  in  1868,  Chauveau  and  Burdon  Sanderson  were  able  to 
show  that  if  solid  particles  of  lymph  were  separated  by  filtration  or 
sedimentation,  they  retained  the  power  of  producing  vaccinia,  while  the 
filtered  fluid  did  not  possess  that  property.  In  1872,  Cohn  believed  he 
had  discovered  the  organism,  to  which  he  gave  the  name  of  Micro- 
sfhcera  variolce,  Klebs  in  1873,  another  organism,  which  he  called 
Tetracoccus  vaccinicB,  and  Gruarnieri,in  1892,  still  another,  which  he  named 
Cytoryctes  vaccinicB.  Korte,  still  later,  discovered  an  organism,  ani 
amoeboid  protozoon  which  measured  about  ^-iou  of  i^^ch  in  diameter,  j 
was  of  an  oblate-sphaeroid  form,  contained  intra-cellular  spores,  and] 
was  actively  amoeboid  in  the  form  found  in  human  vaccine  lymph. 
To  this  he  gave  the  provisional  name  of  Amoeba  variolce  vel  vaccinice.  He 
found  the  extra-cellular  spores  of  the  parasite  in  variola  and  in  human 
vaccine  to  be  motile  at  body-temperature,  shortly  after  their  removal 
from  the  pock,  but  in  glycerinated  calf-lymph  both  the  organism  and 
its  spores  had  lost  their  motility  due  to  inhibition  by  the  glycerine. 
Ballah  was  able  to  corroborate  the  presence  of  these  organisms,  which 
have  been  described  as  spherical  bodies  of  diverse  sizes  up  to  that  of  a 
red  blood-corpuscle  or  even  larger,  the  appearance  of  which  suggested 
sporulation.  For  a  time,  Ballah  thought  that  he  had  secured  a  method 
of  growing  these  from  test-tube  to  test-tube,  but  in  the  end  became 
convinced  that  they  were  neither  specific,  nor,  indeed,  were  living  matter. 
Funck  concluded  from  his  observations  that  vaccinia  is  due  to  a  proto- 
zoon infection,  the  name  which  he  gave  to  the  organism  being  Sporidium 
vacciyiale.  The  view  that  a  protozoon  is  the  causative  organism  has 
gained  ground  by  the  researches  of  Councilman  and  Calkin.  These 
observers  discovered  appearances  in  the  cell  protoplasm  of  the  pock 
of  small,  homogeneously-staining,  structureless  bodies,  about  1  in 
diameter  which  did  not  stain  so  deeply  as  nuclei,  and  which  gradually 
developed  in  size  within  the  cells  as  their  containing  cells  degenerate. 
During  this  period  of  growth,  small  granules  surrounded  by  circles  appear 
in  these  bodies,  their  general  outline  becoming  more  and  more  irregular 
imtil  ultimately  they  grow  more  and  more  like  amoebae.  At  this  stage, 
these  amoeboid  forms  break  up  into  smaller  spore-like  bodies.  This 
constitutes  the  first  cycle  of  life  of  the  organism.  At  this  point,  the 
nuclei  of  the  epithelial  cells  begin  to  exhibit  alterations  in  structure. 
They  appear  to  be  penetrated  by  the  small  spore-like  bodies,  and  then 
ring-shaped  bodies  appear  in  them.  These  increase  in  size,  and  then 
become  surrounded  by  sponge-like  bodies  which  grow,  filling  the  nuclei, 
and  finally  destroying  them,  the  bodies  being  liberated.  These  bodies 
1  Of.  Ruffer  and  Wibnore,  B.M.J. ,  vol.  ii.,  1909,  p.  8G2. 
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again  become  homogeneous  ring-shaped  structures,  each  possessing  a 
central  dot.    Th  ese  final  bodies  these  observers  deem  to  be  tlie  SDecifi  • 
or  infective  agent.'    Thus  far  have  observations  gone.    'J'inie  and  further 
research,  however,  are  required  for  verification,  and,  if  well  foundrid 
for  their  cultivation  in  vitro.  ' 

The  comparatively  recent  exhaustive  work  of  the  Royal  Commission 
on  Vaccination,  whose  final  report  was  issued  in  1896,  is  still  fresh  in  the 
mmd.  It  is  unnecessary  here  to  do  more  than  emphasise  their  final 
conclusions  m  a  few  sentences. 

There  is  no  substitute  for  vaccination,  say  the  Commissioners  but 
a  complete  system  of  notification  of  smallpox,  immediate  hospital  isola- 
tion of  those  attacked,  and  isolation  and  daily  observation  of  contacts  are 
valuable  auxiliaries  toward  the  repression  of  smallpox.  No  considerable 
number  of  smallpox  patients  should  ever  be  treated  together  in  anv 
hospital  which  IS  situated  in  a  populous  neighbourhood,  and  ambulance 
arrangements  relative  thereto  should  be  organised  and  supervised  with 
most  scrupulous  care.  Neglect  of  such  precautions  would  seriously 
neutra  ise  the  benefits  of  the  measures  described,  in  face  of  a  population 
partially  unvaccmated  or  imperfectly  vaccinated  primarily  or  by  lapse 
of  time  since  primary  vaccination.  Calf -lymph  only  should  be  employed 
and  should  be  supplied  by  the  State.  mUe  the  Commissioners  were 
tully  alive  to  the  great  value  of  revaccination,  and  while  desirous  of 
encouraging  the  practice  in  every  way,  they  were  deterred  by  the  diffi- 
culties which  confronted  them  to  recommend  that  it  should  be  made 
compulsory. 

It  is  not  necessary  here  to  adduce  statistics  to  show  that  the  dis- 
appearance of  smallpox  has  been  in  direct  ratio  to  the  prevalence  of  the 
practice  and  efficiency  of  vaccination  and  revaccination  in  any  part  of 
the  world.  These  may  readily  be  obtained  by  consulting  the  volumes 
of  evidence  put  before  the  Commission.  It  is,  perhaps,  enough  to  say 
that  Germany,  m  which  vaccination  and  revaccination  are  both  compuf- 
sory,  during  the  twelve  years  1891-1902  with  a  population  of  56,000.000. 
had  only  607  deaths  from  smallpox,  while  Great  Britain  with  a  popula- 
tion of  32,000,000  had,  during  the  like  period,  6,761  deaths. 

The  proposition  above  stated— viz.  that  smallpox  ceases  to  prevail 
m  direct  proportion  to  the  prevalence  of  efficient  vaccination  and  re- 
vaccination, may  readily  be  proved  by  a  rapid  survey  of  the  vaccination 
history  of  some  of  the  chief  countries  of  Europe  and  elsewhere. 

In  France,  vaccination  during  the  first  year  of  hfe  became  compulsory 
in  February,  1902,  as  did  also  revaccination  between  the  ages  of  eleven 
and  twenty-one.  Calf-lymph  is  used,  three  vesicles  being  required  for 
successful  vaccination.  Neglect  or  refusal  of  vaccination  is  followed  bv 
penalties.  No  conscientious  objections  are  permitted.  All  conscripts 
entering  the  services,  all  students  entering  university  schools,  and  all 
officers  entering  Government  employment  must  produce  certificates  of 
recent  successful  revaccination.  The  Minister  of  the  Interior  supervises 
the  vaccination  of  the  country. 

In  Germany,  vaccination  was  permissive  until  1874,  when  it  became 
compulsory  between  the  first  and  second  year  of  life,  and  had  to  be 
repeated  in  the  thirteenth  year  unless  the  child  in  the  interval  had  had 
^  Boston  Med.  and  Surg.  Jour.,  Ap.  30,  1903. 
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smallpox,  or  tad  been  revaccinated  within  five  years  preceding  that 
age.  The  operation  of  vaccination  is  free  of  cost  to  all,  and  is  performed 
by  district  public  vaccinators  who  use  calf-lymph  supplied  at  the  expense 
of  the  district  authorities.  Germany  has  25  State  institutions  for 
supplying  lymph.  Each  Confederate  State  makes  and  carries  out  its 
own  regulations  as  to  vaccination  and  revaccination.  Schoolmasters 
in  charge  of  children  are  responsible  till  vaccination  has  been  carried 
out,  and  must  send  notice  to  the  authorities  of  all  scholars  unvaccinated, 
under  a  penalty.  Parents  and  guardians  are  liable  to  penalties  for  non- 
compliance wdth  the  law.  A  pubhc  vaccinator  is  liable  to  a  fine  or  im- 
prisonment for  neghgence  or  inefficiency  in  the  performance  of  his  duty. 
Previous  to  1874,  the  mortality  from  smallpox  was  a  mean  rate  of  309 
per  million  living,  but  since  that  year,  the  rate  has  only  been  2  per 
million  living.  Indeed,  it  may  be  said  that  smallpox  has  been  practi- 
cally eradicated  from  Germany. 

In  Austria  regulations  as  to  vaccination  began  in  1808,  but  from 
that  year  till  1900  there  was  no  compulsory  enforcement.  At  the  same 
time,  indirect  compulsion  was  in  operation,  since  public  authorities, 
schoolmasters,  and  others  were  bound  to  encourage  the  practice.  Persons 
entering  schools,  public  institutions,  and  the  army  must  be  vaccinated 
primarily  or  be  revaccinated,  but  children  cannot  be  refused  admittance 
to  primary  schools  if  parents  refuse  that  they  be  vaccinated.  Smallpox 
prevails  more  in  Austria  than  in  Germany,  but  from  1895-1900  there 
were  only  seven  deaths  from  that  disease  recorded  in  Vienna. 

Vaccination  was  introduced  into  Eussia  in  1801.  The  Empress  of 
Eussia  was  vaccinated  at  that  time,  and  she  insisted  on  the  general 
adoption  of  the  practice.  It  is,  however,  not  compulsory  generally, 
but  it  is  so  for  entrants  to  schools,  universities,  and  civil  and  military 
service.  Generally  speaking,  Eussia  is  a  poorly- vaccinated  country,,  and 
smallpox  epidemics  are  relatively  common. 

In  Denmark,  vaccination  began  in  1802,  and  was  made  compulsory 
in  1810.  The  operation  may  be  performed,  however,  at  any  time  before 
the  completion  of  the  sixth  year.  State-supplied  calf-lymph  only  is 
used.  Those  who  do  not  comply  with  the  law  are  fined,  and  conscientious 
objections  are  not  hstened  to.  Eevaccination  is  obligatory  on  soldiers, 
and  all  inmates  of  public  charitable  institutions.  Denmark  is  a  well- 
vaccinated  country. 

The  Netherlands  do  not  make  vaccination  obligatory,  but  school- 
masters and  scholars  must  produce  certificates  before  admission  to  school 
that  they  have  been  vaccinated  or  have  had  smallpox,  and  all  soldiers 
and  prisoners  are  revaccinated.  Although  not  compulsory,  vaccina- 
tion generally  prevails. 

In  Italy,  vaccination  within  six  months  of  birth  has  been  compulsory 
since  December  1888.  Eevaccination  is  compulsory  on  entrants  to 
schools  or  official  life.  The  law  is  carried  out  rigorously.  As  a  whole, 
Italy  is  a  well-vaccinated  country,  the  mortality  from  smallpox  having 
declined  from  610  per  million  living  in  1888  to  9-7  per  million  in  1900. 

In  Switzerland,  practice  as  to  vaccination  is  not  uniform.  In 
sixteen  cantons  it  is  obligatory,  in  nine  others  it  is  discretionary.  The 
age  of  operation  is  from  two  to  five  years.  Eevaccination  is  general 
in  the  majority  of  cantons,  and  entrance  to  public  schools  or  into  official 
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life  is  forlndden  unless  entrants  have  been  recently  revaccinated 
Vaccination  in  that  country  is  controlled  by  the  sanitary  authorities 
In  Nor\vay  vaccination  is  not  compulsory,  but  all  heads  of  schools  oi- 
educational  institutions  (other  than  primary  schools)  are  held  responsible 
for  the  admission  of  unvaccinated  pupils.  All  entrants  to  the  army  and 
navy,  all  those  admitted  to  their  first  communion,  and  all  those  about  tn 
niarry,  must  produce  evidence  of  having  been  vaccinated,  no  personal 
objection  being  considered.  It  is  estimated  that  80  per  cent  of  the 
total  population  are  vaccinated.  From  1890-1900,  there  were  onlv 
tJiirty-two  deaths  from  smallpox  in  the  country. 

Sweden  makes  vaccination  obligatory  before  the  end  of  the  second 
year,  or  a  fine  is  imposed.  Six  or  eight  vesicles  are  required.  No  child 
IS  admitted  to  school  or  to  any  public  establishment  without  proof  of 
vaccination.  Soldiers  who  join  the  army  must  be  revaccinated  It  is 
a  well-vaccmated  country,  the  mortality  from  smallpox  in  1900  bein^ 
about  2  per  million  living,  but  previous  to  the  institution  of  compulsorv 
vaccination  the  mortality  was  nearer  2000  per  million  livine" 

In  the  United  States  of  America,  only  a  few  of  the  States  have  passed 
any  law  regardmg  vaccination,  the  practice  being,  however,  largely 
n  r  q.n^  laxge^ni.mbe,:s  of  citizens.    Smallpox  prevails  more  orles^ 
SS?  f       1^^'  ending  30th  June  1902,  there  were 

5o,857  cases  of  smallpox  with  1852  deaths,  or  a  fatality-rate  of  3-31  vev 
cent.,  whereas  in  1901,  the  total  cases  numbered  38,506  with  689  de'aths 
or  I  •  /  y  per  cent. 

In  Canada,  also,  a  similar  state  of  matters  prevails ;  in  some  pro- 
vinces only  has  any  vaccination-law  been  passed,  but  the  practice  lar'^elv 
prevails.  Provincial  governments  and  municipal  authorities  possess  the 
power,  however,  to  make  vaccination  compulsory  in  times  of  threatened 
epideniics  of  smallpox. 

Neither  is  there  any  uniform  practice  in  our  Colonies  and  Depend- 
encies    In  India  the  Act  of  1880  gave  power  to  prohibit  and  stop  in- 
oculation, and  made  vaccination  obligatory  in  certain  areas,  municipalities 
and  cantonments.    Therein,  all  unvaccinated  children  having  arrived 
at  tlie  age  oi  six  months  during  the  vaccination  season  must  be  vaccinated 
torthwith,  unless  the  operation  be  postponed  by  certificate.    Nedect  to 
vaccinate  a  child  is  reported  by  the  superintendent  of  vaccination  to  the 
district  magistrate  who  orders  immediate  vaccination,  and  if  disobeved 
mayimpose  a  fine,  and  if  still  disobeyed,  may  impose  a  very  heavy  fine 
or  a  term  of  imprisonment.    Of  the  Australian  States,  vaccination  is 
compulsory  m  Victoria  within  six  months  of  birth,  and  the  operation 
must  be  performed  three  successive  times,  if  failure  follows  the  two  pre- 
ceding before  a  certificate  of  immunity  may  be  given  or  accepted. 
Prior  to  1900,  for  thirteen  years  there  had  not  been  a  single  death  re- 
corded from  smallpox.    In  Western  Australia  and  in  Tasmania,  the  law 
generally  is  the  same,  but  the  period  of  primarv  vaccination  mav  be 
extended  until  twelve  months  after  birth.    Conscientious  obieJtion 
13  a  valid  ground  of  refusal.    In  New  South  Wales  there  are  no  vaccina- 
tion laws,  and  obligatory  vaccination,  therefore,  does  not  prevail. 
Sma  Ipox  IS  rare  in  this  State,  only  three  deaths  having  been  recorded  in 
the  decade  1890-1900.    In  Queensland,  vaccination  is  regulated  bv  the 
Public  Health  Act  of  1900,  by  which  power  is  given  to  make  vaccina- 
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tion  obligatory  in  any  area  in  wliich  the  provisions  of  the  Act  are  in 
force. 

In  New  Zealand,  vaccination  it,s  compulsory  within  twelve  months  of 
birth,  but  within  four  months  after  the  birth  of  a  child  a  parent  can 
obtain  a  certificate  of  conscientious  objection ;  otherwise,  if  primary 
vaccination  be  evaded  after  the  first  year  of  life,  the  parent  or  guardian 
may  be  summoned  and  an  order  to  vaccinate  made,  which,  if  disobeyed, 
will  be  followed  by  a  fine,  but  only  one  conviction  is  legal  until  the  child 
attains  the  age  of  four  years,  when  legal  action  may  again  be  taken.  The 
number  of  vaccinations  has  greatly  decreased  during  late  years  since 
conscientious  objection  has  been  permitted  to  prevail.  All  pupils  in 
public  schools,  inmates  of  prisons  and  other  penal  establishments,  as 
well  as  of  hospitals,  must  be  vaccinated  or  revaccinated,  in  the  latter 
case,  where  the  operation  has  not  been  performed  within  the  five  years' 
preceding. 

In  Cape  Colony  and  Natal,  the  Public  Health  Act  of  1897  made 
vaccination  obligatory  within  three  months  after  birth.  No  conscienti- 
ous objection  is  allowed  by  the  law.  Failure  to  comply  with  the  law  is 
followed  by  monetary  penalty. 

The  history  of  Great  Britain  and  Ireland  relative  to  vaccination  is 
briefly  as  follows  : — 

England. — The  National  Vaccine  Establishment  in  London  was 
founded  by  Royal  Warrant  in  1807,  and  the  first  Vaccination  Act  was 
passed  in  July  1840,  in  which  Act  also  it  was  made  a  penal  offence  to 
inoculate  variolous  matter.  This  Act  of  1840,  however,  did  not  make 
vaccination  obligatory.  In  1853,  ah  Act  was  passed  which  made  it 
compulsory  that  all  infants  within  three  months  of  birth  should  be 
vaccinated  with  human  lymph.  By  the  Act  of  1867,  powers  were  given 
to  Local  Authorities  to  pay  vaccinators.  Then  followed  the  Acts  of  1871 
and  1874,  and  still  later  the  Act  of  1898.  Only  the  provisions  of  the 
Act  of  1898  demand  attention.  Its  provisions  came  into  operation  on 
1st  January,  1899.  The  period  vathin  which  a  child  must  be  vaccinated 
was  changed  from  three  months  to  six  months  after  birth,  thereby 
repealing  section  16  of  the  Act  of  1867,  and  if  the  parent  or  guardian  of 
any  child  so  requires,  the  public  vaccinator  is  to  visit  the  child  at  the 
house  of  the  parent  or  guardian  for  the  purpose  of  vaccinating,  instead 
of  the  child,  as  in  the  Act  of  1867,  having  to  be  brought  to  the  public 
vaccination-station.  The  Act  further  provides  that  if  a  child  is  not 
vaccinated  within  four  months  after  birth,  the  public  vaccinator,  after  at 
least  24  hours'  notice  to  the  parent  or  guardian,  shall  visit  the  house 
of  the  child,  and  shall  offer  to  vaccinate  the  child  with  calf -lymph  or 
such  other  lymph  as  may  be  issued  by  the  Local  Govrernment  Board. 
The  Local  Government  Board  issued  the  Vaccination  Order  of  1898 
which  dealt  with  this  point  as  follows  : — If  the  vaccination-officer  has 
not  received  in  respect  of  any  child  a  certificate  under  section  2  of  the 
Act  of  1898  within  the  time  limited  by  that  section,  and  at  the  end  of 
seven  days  after  the  expiration  of  six  calendar  months  from  the  birth  of 
the  child,  has  not  received  any  other  of  tlie  certificates  mentioned  in 
sub-division  (ft)  of  this  paragraph  (that  is,  of  unfitness  or  of  imiiuinity), 
the  vaccination-officer  shall  forthwith  give  a  notice  in  the  Form  K  set  out 
in  the  fifth  schedule  to  this  order  or  to  the  like  effect  to  the  parent  or 
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otlier  person  having  the  custody  of  the  child,  by  delivering  the  same  by 
post  or  otherwise  at  the  last  known  residence  of  such  parent  or  person 
If  that  notice  is  not  duly  complied  with  within  the  time  specified  therein' 
It  will  become  the  duty  of  the  vaccination-officer  under  the  Vaccination 
Act,  187],  to  take  proceedings  for  the  enforcement  of  the  law. 

The  Act  further  instituted  what  is  now  known  as  the  "  conscientious 
objector."  No  parent  or  other  person,  says  the  Act,  shall  be  liable  to 
any  penalty  under  section  29  or  section  31  of  the  Vaccination  Act  of 
1867,  if  within  jour  months  from  the  birth  of  the  child  he  satisfies  two 
justices  or  a  stipendiary  or  metropolitan  police  magistrate  in  petty 
sessions,  that  he  conacientmisly  believes  that  vaccination  would  be  pre- 
judicial to  the  health  of  the  child,  and  v/ithin  seven  days  thereafter 
delivers  to  the  vaccination-officer  a  certificate  by  such  justices  or  magis- 
trate of  such,  conscientious  objection. 

The  Act  of  1898  further  provides  that  an  order  under  section  31 
of  the  Act  of  1867  directing  that  a  child  be  vaccinated  shall  not  be  made 
on  any  person  who  has  previously  been  convicted  of  non-compliance 
with  a  hke  order  relating  to  tbe  same  child.  Any  persons  committed 
to  prison  under  this  Act  shall  be  treated  as  first-class  misdemeanants 

Scotland.~T]iQ  Vaccination  (Scotland)  Act  of  1848  made  vaccination 
legal  and  optional  and  probibited  inoculation,  and  the  further  Act  of 
1863  made  vaccination  compulsory.    The  age-limit  of  primary  vaccina- 
tion m  Scotland  has  always  been  within  six  months  after  birth,  but  the 
m'iT  T^^^  ^®  postponed  on  tbe  ground  of  unfitness  of  the  child  from 
ill-health.    Parish  Councils  alone  appoint  public  vaccinators.  The 
Kegistrar- General  and  the  Local  Government  Board  jointly  administer 
the  Act.    By  this  Act,  there  was  no  legal  exemption  from  obUgatory 
vaccination  of  a  child  by  its  parent  or  guardian,  and  parish  councils 
imght  exercise  discretion  as  to  how  frequently  they  might  prosecute  an 
oltender  for  non-compliance.    By  the  passing,  however,  of  the  Vaccina- 
tion (Scotland)  Act,  1907,  it  is  enacted  that  no  parent  or  other  person 
shall  be  liable  to  any  penalty  under  section  17  or  section  18  of  the  Act 
of  1863,  if  within  six  months  from  the  birth  of  the  child  he  makes  a 
statutory  declaration  that  he  conscientiously  believes  that  vaccination 
would  be  prejudicial  to  the  health  of  the  child,  and  within  seven  davs 
thereafter  delivers  the  declaration  to  the  registrar  of  the  district  "in 
which  such  child  was  born  and  registered.    A  registrar  to  whom  such 
a  declaration  is  duly  delivered  shall  not,  so  far  as  regards  the  child  named 
therein,  carry  out  the  procedure  as  to  intimation  and  transmission  pre- 
scribed by  the  said  sections  in  respect  of  the  failure  to  transmit  to  him 
the  certificate  m  those  sections  mentioned.    Each  reijistrar  shall  keep 
such  a  record  of  statutory  declarations  as  may  be  prescribed  bv  the 
Kegistrar-Gcneral,  and  shall  furnish  to  any  Local  Authority  executing  the 
i  ubhc  Health  (Scotland)  Act,  1897,  within  his  district,  such  periodical 
returns  of  such  declarations  as  may  be  required  of  him,  and  approved  bv 
the  Local  Government  Board,  for  each  of  which  declarations  the  Local 
Authority  shall  pay  him  the  sum  of  two  pence,  and  shall  ])rovide 
him  with  the  forms  on  which  such  ix-turns  are  to  be  made  and  pav 
for  their  transmission  by  letter  post.    Resristrars  arc  to  allow  searches 
to  be  made  in  such  record  of  statutory  declarations,  and.  on  demand, 
shall  give  a  certified  copy  of  any  entry  therein  on  payment  of  the  fee  for 
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the  search  and  certificate  prescribed  by  section  15  of  the  Vaccination 
(Scotland)  Act,  1863. 

The  statutory  declaration,  according  to  the  form  prescribed  in  the 
schedule  to  the  Act  of  1907,  must  be  made  and  signed  by  the  declarant 
before  a  justice  of  the  peace,  a  magistrate,  or  a  judge  ordinary,  who  shall 
certify  and  sign  that  the  declaration  was  made  before  him. 

Ireland. — The  Vaccination  (Ireland)  Act,  1840,  enacted  voluntary 
gratuitous  vaccination,  and  the  Act  of  1863  made  it  obhgatory,  while 
the  Act  of  1876  enacted  gratuitous  revaccination.  Vaccination  must 
be  performed  within  three  months  after  birth.  There  is  no  exemption- 
clause  in  the  Irish  Acts. 

The  institution  by  the  Legislature  of  the  Conscience  Clause,  which  • 
was  in  consonance  with  the  views  of  the  Koyal  Commission  on  Vaccina- 
tion, is  calculated  to  act  in  a  retrograde  fashion  if  it  increases  the  number 
of  conscientious  objectors  to  vaccination  in  England  and  Scotland,  but  if, 
as  was  intended,  it  breaks  down  opposition  by  prohibiting  repeated 
prosecutions  of  a  parent  for  non-compliance  with  the  law,  as  was  formerly 
the  case,  it  may,  after  all,  tend  to  promote  vaccination  among  those 
whose  attitude  towards  vaccination  was  more  one  of  mere  neglect  or 
indifference  than  of  reasned  oobjection.  From  a  Parliamentary  paper, 
of  date  6th  August  1900,  it  appears  that  the  number  of  children  in 
England  respecting  whom  certificates  of  conscientious  objection  had 
been  received  from  the  date  of  passing  of  the  Act  of  1898  (that  is,  from 
August  to  the  end  of  1898)  was  203,213,  while  during  the  year  1899, 
only  32,357  had  been  similarly  exempted. 

The  total  births  registered  in  1898  was  923,265,  and  in  1899,  928,640, 
the  total  certificates  of  successful  vaccination  numbered  500,314  in  1898, 
and  669,349  in  1899,  or  52-4  per  cent,  and  72-1  per  cent,  respectively  of 
the  births  registered,  being  an  increase  in  ratio  of  33  per  cent,  in  1899 
as  compared  with  1898.  So  far  as  these  returns  go,  they  would  seem  to 
justify  the  view  of  the  Commission  ^  that  it  would  conduce  to  increased 
vaccination  if  a  scheme  could  be  devised  whereby  the  attempt  to  compel 
those  who  were  honestly  opposed  to  vaccination  could  be  stopped,  and  to 
get  those  children  vaccinated  whose  non-vaccination  had  hitherto  been 
due  to  the  mere  negligence  or  indifference  of  parents. 

View  the  conscientious  objector,  however,  as  we  may,  the  effect  of 
his  non-compliance  with  vaccination  maintains  a  population  scattered 
throughout  the  country  readily  vulnerable  to  the  attack  of  smallpox, 
and,  so  long  as  revaccination  is  not  generally  practised  by  enactment, 
which  contributes  to  the  spread  of  milder  forms  of  the  disease  among 
those  whose  primary  vaccination  has  either  been  originally  inefficient 
or  has  been  long  antecedent  to  time  of  exposure. 

The  economic  effect  of  an  efficient  system  of  vaccination  and  re- 
vaccination with  regard  to  expenditure  and  upkeep  of  smallpox  hospitals 
is  well  exemplified  in  tlie  case  of  Gcriiuiny.  According  to  the  report 
of  Dr  Bruce  Low  to  the  English  Local  Government  Board  respecting  the 
arriingfiTients  made  in  (icrnKiny  for  the  isolfttion  of  Hmallpox  cases,  the 
special  snuillpox  hospital  does  Jiot  there  exist.  The  only  hospital  in 
Germany  devoted  to  smallpox  which  he  found  was  one  in  Mainz,  which 
had  been  erected  in  1892  in  the  grounds  of  a  nursery  gardener,  and  which 

'  Final  liejwrt,  par.  G'24. 
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had  never  had  a  single  case  of  smallpox  within  its  walls.    It  is  onlv 
necessary  to  contrast  with  that  the  situation  in  Great  Britain,  in  wljicli 
about  £4,000,000  have  been  spent  in  the  erection  and  upkeep  of  hospital- 
devoted  to  smallpox.    In  the  London  area  alone,  no  fewer  than  250(i 
hospital  beds  have  to  be  maintained  in  readiness  against  possible  out- 
breaks of  smallpox.    According  to  the  majority  of  observers,  the  ver\ 
institution  of  a  smallpox  hospital,  even  in  a  well-secluded  localitv 
becomes  a  menace  to  the  neighbouring  population  under  certain  circuiu 
stances  {vide  postea).    These  precise  circumstances  are,  however,  still 
a  matter  of  debate.    Some  maintain  that  the  congregation  within  oni 
building  of  a  large  number  of  cases  produces  such  intensity  of  infectioii 
that  the  infection  may  be  conveyed  aerially  even  for  distances  up  to  thre(^ 
-miles.    Others  affirm,  on  the  other  hand,  that  careful  analysis  of  the 
facts  concerning  outbreaks  of  disease  in  populations  living  in  the  neigh- 
bourhood of  hospitals  reveals  the  existence  of  the  more  obvious  ex-plana- 
tion  of  immediate  or  mediate  infection.    The  reasons  for  such  a  con- 
clusion are  these :  in  the  first  place,  and  perhaps  mainly,  the  hospital 
during  an  epidemic  of  smallpox  is  the  centre  of  a  large  amoimt  of  traffic  : 
ambulance  traffic  to  and  from,  visits  of  friends  and  relatives  of  those 
afilicted  to  inquiry-rooms  and  to  wards,  it  may  be,  under  certain  pre- 
cautions to  see  friends  or  relatives  whose  lives  are  in  danger,  leakacres 
of  various  kinds  from  the  hospital  through  the  agency  of  the  stafi, 
workmen,  tradesmen,  cleaners  and  others,  under  circumstances  of  im- 
perfect supervision  or  from  infringement  of  hospital  regulations.  Owing 
to  the  fallibility  of  all  human  rules  and  of  the  power  of  observing  them" 
even  the  best  hospital  regulations  break  down  more  or  less  under  stress 
of  epidemic  circumstances,  and  more  especially  when  all  the  resources  of 
a  hospital  are  being  taxed  to  breaking-point,  and  when  the  hospital, 
moreover,  is  hkely  to  be  overcrowded.    Such  facts  as  these  emerge  in  a 
critical  survey  of  such  epidemics  as  Fulham,  Sheflield,  A^'arrington. 
Leicester,  Orsett,  and  other  places,  concerning  which  the  aerial-convection 
theory  has  been  invoked  to  account  for  the  spread  of  the  disease.  From 
such  a  study  we  have  arrived  at  the  conclusion  that  the  aerial-convection 
theory  is  not  proved.  ^ 

Calf-Lymph.~lt  will,  perhaps,  be  true  to  say  that  in  most  countries 
m  which  vaccination  is  obligatory,  calf-lymph  is  now  most  generally 
employed.  Some  knowledge  of  its  preparation  ought  to  be  possessed 
by  the  student  of  public  health.  Healthy  calves  only  are  emploved. 
When  the  vesicles  are  mature,  the  l}anph-pulp  obtained  therefrom  is 
first  weighed,  and  is  then  passed  through  a  triturating  machine  which 
consists  of  a  continuous  screw  with  a  diminishing  worm  which  revolves 
in  a  closely-fitting  cylinder.  All  parts  of  the  machine  have  been  pre- 
viously sterilised  by  prolonged  exposure  to  steam.  The  cftect  of  the 
machine  is  to  reduce  the  pulp  to  very  fine  particles.  The  pulp  is  now 
gradually  mixed  with  four  times  its  weight  of  a  sterilised  mixture  of 
50  per  cent,  pure  glycerine  and  distilled  water,  but  the  precise  amount  of 
dilution  depends  upon  the  original  quality  of  the  lymph.  The  pulp, 
now  mixed  with  some  of  the  glycerine-water  mixture,  is  again  passed 
through  the  machine,  the  remainder  of  the  mixture  being  added  during 

1  "  Smallpox  Infection  from  Hospitals,"  Jour.  San.  Inst.,  vol.  xxv..  Vart  II., 
1904,  pp.  218-209. 
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its  passage,  and,  finally,  the  resulting  mixture  is  once  more  passed 
through,  the  ultimate  product  being;  a  fine  and  homogeneous  emulsion. 
This  emulsion  is  now  put  into  sterihsed  tubes  holding  from  4  c.c.  to 
10  c.c,  each  tube  being  filled  as  full  as  will  enable  it  to  be  plugged  with 
a  sterilised  cork  without  admixture  with  air.  The  cork  is  sealed  with 
melted  paraffin  rendered  aseptic  with  carbolic  acid.  The  tubes  are  then 
placed  in  a  cool  cupboard  or  an  ice-chest.  The  lymph  is  now  bacterio- 
logically  examined,  agar-agar  plates  being  the  medium  and  apparatus 
used.  The  plates  are  incubated  for  seven  days,  for  the  first  24  hours  at 
blood-heat  and  for  the  remaining  six  days  at  ordinary  room  temperature. 
Colonies  which  develop  are  coixnted  and  examined.  This  process  is  re- 
peated week  by  week,  the  efiect  steadily  being  a  diminishing  number  of 
developing  colonies.  This  is  due  to  the  combined  efiect  of  the  glycerine 
and  the  heat.  Experience  has  shown  that  the  higher  the  temperature 
at  which  the  lymph  is  incubated,  the  more  rapid  and  marked  is  the 
diminution  in  the  number  of  colonies ;  and  the  lower  the  temperature 
the  reverse.  The  greatest  diminution  of  extraneous  organisms  occurs 
during  the  first  week.  The  original  number  of  such  organisms  found  in 
any  particular  batch  of  lymph  varies,  but  usually  they  are  completely 
eliminated  by  the  end  of  the  fourth  week.  Among  the  extraneous 
organisms  which  have  been  found  are  the  following  i — 

Stafhy.  aureus  and  alhus,  B.  mesentericus,  Proteus  vulgaris,  but  no 
strictly  anaerobic  organisms  are  found.  Neither  streptococci  nor  B. 
tuberculosis  have  ever  been  found.  Of  the  above-named  organisms,  B. 
mesentericus  is  the  most  difficult  to  eradicate.  When  the  lymph  has 
become  germ-free,  samples  of  it  are  drawn  into  sterihsed  capillary  tubes 
by  a  machine,  and  these  are  sent  to  the  animal  Vaccine  Establishments 
to  be  used  in  the  vaccination  of  children.  The  results  of  these  vaccina- 
tions are  recorded  a  week  later,  and  from  the  number  and  size  of  vesicles 
obtained  the  potency  of  the  lymph  is  estimated.  When  thus  proved  to 
be  satisfactory,  the  remainder  of  the  batch  is  transferred  into  sterihsed 
capillary  tubes,  each  tube  being  sufficient  for  one  vaccination,  the  tubes 
are  sealed  at  the  flame,  and  thereafter  are  deposited  and  stored  in  an 
ice-chest  to  be  despatched  as  required  to  the  National  Vaccine  Establish- 
ment at  Whitehall.  During  an  average  year,  lymph  sufficient  for  about 
a  million  vaccinations  is  issued. 

Lymph,  so  kept,  may  remain  potent  for  about  a  year, longer  or  shorter, 
but  its  working  potency  is  reckoned  ordinarily  as  of  two  months  dura- 
tion.^ From  experiments  made  by  Blaxall  and  Fremlin  on  the  eftects 
on  the  lymph  of  temperatures  below  freezing-point,  it  has  been  proved 
that  there  is  no  loss  of  potency  even  after  an  exposure  to  a  temperature 
of  180"  C.  below  freezing-point  for  a  considerable  time,  and  that  there 
is  no  diminution  in  potency  even  after  having  been  kept  for  a  year  in  a 
cold  store  at  -5°  C.  But  the  lymph  quickly  becomes  inert  in  tropical 
climates,  and  even  at  summer  temperature  in  northern  regions.  Calmette 
and  Guerin  obtained  the  best  development  of  vaccine  on  animals  kept 
in  an  atmosphere  of  18°  to  20°  C.  Carini  ^  found  vaccine  emulsion  to  be 
almost  inert  after  exposure  for  thirteen  days  to  a  temperature  of  37°  C. 

Cholera,  in  this  and  most  other  countries,  is  essentially  an  epidemic 

1  Blaxrtll,  B.M.J. ,  vol.  ii.,  1!I02,  p.  37. 

2  Centralb.  f.  Bakt.  (orig.)  xU.,  190G,  p.  32. 
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disease,  although  in  certain  countries  as  India,  it  is  endemic.  It  causes 
a  high  mortality.  In  many  outbreaks  the  line  of  infectivity  could  be 
tracked  by  trade-routes,  or  by  intercommunication  between  an  infected 
and  a  non-infected  people,  it  is  more  prevalent  in  the  warmer  seasons 
of  the  j'-ear  ;  but  to  this  general  rule  there  are  marked  exceptions. 
Great  Britain  and  Ireland  have  been  subject  to  outbreaks  of  it  on  four 
different  occasions— viz.  in  1831,  1848,  1853  and  1866,  with,  in  addition, 
a  very  limited  outbreak  in  1893. 

The  epidemic  of  1831  had  its  origin  in  an  infected  ship  which  arrived  in 
Sunderland  from  Hamburg  in  October  1831,  from  which  it  rapidly  spread 
through  the  country.    It  broke  out  in  Glasgow  on  12th  February  1832,  and 
before  it  disappeared,  it  was  estimated  to  have  seized  one  in  every  six  families 
of  the  population,  and  to  have  caused  one  death  in  every  thirteen  families. 
The  total  number  of  deaths  was  3166,  of  which  1419  were  males  and  1747  were 
females.    Tlie  total  number  of  cases  known  to  the  authorities  up  till  November 
5  of  that  year  was  6208,  or  1  in  32  J-  of  the  entire  population.    The  mortaUty 
was  chiefly  confined  to  tlie  intemperate,  the  dissolute,  the  ill-fed,  and  ili- 
clothed  part  of  the  population,  but  it  did  not  overlook  the  better-conditioned 
classes.    It  attained  its  maximum  in  August.^    The  total  mortaUty  in  England 
from  this  epidemic,  according  to  Hirsch,  was  30,924  deaths.    The  epidemic  of 
1848  began  after  the  arrival  of  an  infected  sliip  from  Hamburg  at  Hull  in 
October  of  that  year.    It  quickly  spread  to  London,  Edinbiu-gh,  and  other 
places,  and  arrived  in  Glasgow  in  November  11.    The  last  case  reported  in 
Glasgow  was  on  March  22,  1849.    The  epidemic,  therefore,  lasted  in  that  city 
for  four  months  and  eight  daj's.    The  number  of  deaths  was  3923.  This 
epidemic,  unhke  the  former,  attacked  cliiefly  the  better  classes.    The  total 
mortality  in  England  was  estimated  at  53,293.    The  outbreak  of  1853  also 
came  from  Germany,  several  English  sea-ports  being  almost  simultaneously 
attacked.    It  appeared  in  London  in  August,  and  in  Glasgow  about  the  middle 
of  December,  and  continued  in  the  latter  city  more  or  less  for  a  whole  year.  It 
cuhninated  in  tlie  month  of  August.    The  total  deaths  in  Glasgow,  so  far  as 
Itnown,  was  3885,  of  wliich  no  fewer  than  1023  occm-red  in  August.    The  total 
deaths  in  England  and  Wales  was  estimated  at  20,097.    The  seizure  of  1865- 
1866  was  much  more  limited  both  in  numbers  attacked  and  in  mortaUty.  It 
was  imported  originally  to  Southampton  from  the  INIediterranean  in  July.  It 
reached  Glasgow  in  1866,  and  the  number  of  deaths  in  that  city  only  amoimted 
to  53.    The  total  mortality  in  England  and  Wales  was  14,378.     The  outbreak 
of  1893  was  Umited  to  a  few  sea-port  towns  on  the  south-east  coast  of  England. 
The  number  of  cases  was  small. 

During  1905-1906  epidemic  cholera  slumbered  in  Russia,  and  in  April  of 
the  latter  year  the  Russian  Government  smnmoned  a  medical  conference  in 
Moscow  to  consider  means  for  checking  the  spread  of  the  epidemic.  In  the 
previous  October  there  had  been  an  outbiu-st  of  the  disease  at  Kerman  in 
Persia,  and  it  was  suspected  that  the  importation  of  the  disease  into  Russia 
was  in  some  way  connected  therewith.  In  Russia  it  spread  along  the  river 
Vistula,  broke  out  in  a  convict-prison  and  in  a  garrison-towTi  on  its  banks. 
Two  cases  oeciu-red  at  Hamburg.  Down  to  Sept.  5  of  1905,  99  cases  with  26 
deaths  were  reported  within  the  German  Empire,  no  fewer  than  sixteen  dis- 
tricts having  been  declared  infected.  The  Local  Government  Boards  of  this 
country  issued  warning  letters  to  port  and  riparian  Sanitary  Authorities,  owing 
to  which  special  precautions  were  taken  to  pro\  ont  the  entrance  of  the  (Usoaso. 
It  is  satisfactory  to  note  tliat  these  measures  were  successful.  Bruce  has  re- 
ported tlie  facts  of  the  outbreak  of  cholera  in  Malta  in  1887.* 

1  Vide  paper  on  "The  Epidoiuic  History  of  Glasgow  1783-1883,"  by  tho 
Author,  Proc.  Philosoph.  Soc.  of  UIukci.,  vol.  for  1885-1880. 

2  Lancet,  vol.  i.,  1898,  p.  433. 
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The  freedom  of  this  country  from  outbreaks  during  the  last  20-30 
years  must  be  attributed  mainly  to  better  water-supplies  and  improved 
sanitation,  since  the  facilities  of  intercommunication  with  other  countries 
in  which  it  is  endemic  or  epidemic  have  become  enormously  multiplied. 
Cholera  is  essentially  a  water-borne  disease.  This  is  well  illustrated  in 
the  Hamburg  outbreak  {vide  'posle.a).  The  infective  matter  is  almost 
solely  confined  to  the  intestinal  discharges.  Stools,  therefore,  must  be 
thoroughly  disinfected,  or  preferably,  cremated  after  admixture  with 
sawdust.  There  can  be  no  doubt  that  its  causal  factor  is  the  B.  cholercB 
AaiaticcB  which  was  discovered  by  Koch.  The  organism  is  of  the  form 
of  a  slightly  curved,  slender  rod  with  pointed  end,  not  unlike  the  comma 
of  German  type,  hence  its  more  common  name,  B.  howomcB.  It  probably 
would  be  moi-e  correct  to  describe  it  as  a  vibrio,  which  forms  the  segment 
of  a  spirillum.  The  vibrio  or  spirillum  is  the  shape  assumed  by  the 
organism  when  three  or  more  organisms  are  joined  together  end  to  end. 
It  measures  in  length  from  |  to  the  diameter  of  an  ordinary  red  blood- 
corpuscle.  It  can  be  easily  cultivated  aerobically  on  ordinary  culture- 
media,  but  it  is  capable  of  growth  under  anaerobic  conditions,  from  which 
it  appears  to  gain  virulency  but  to  lose  power  of  resistance  to  adverse 
conditions.  It  thrives  abundantly  in  sewage  and  contaminated  liquids, 
but  dies  after  a  few  days  when  placed  in  pure  water,  doubtless  from  want 
of  nutrient  material.  It  is  readily  destroyed  in  acid  media,  therefore, 
under  normal  conditions  of  the  stomach,  it  is  destroyed  by  the  acid 
gastric  juice. 

Influenza  is  a  typical  pandemic  disease.  During  the  last  half- 
dozen  centuries  it  has  broken  out  and  spread  over  entire  continents. 
It  has  within  the  last  fev/  years  ravaged  the  countries  of  the  world.  It 
was  known  to  exist  in  Siberia  in  May  1889,  and  by  the  end  of  December 
of  that  year,  every  European  country  had  been  attacked  ;  and  within 
six  months  thereafter,  most  of  the  countries  of  the  world.^  It  would 
appear  to  be  uninfluenced  by  meteorological  conditions,  for  it  spreads 
with  as  much  freedom  in  Iceland  as  at  the  Equator.  While  in  not  a 
few  instances  the  line  of  infectivity  may  be  tracked  from  place  to  place, 
and  from  country  to  country,  in  others  it  cannot  be  defined  ;  but  there 
is  great  reason  to  believe  that  like  other  infective  diseases  it  is  propagated 
by  infective  persons  or  infective  things,  and  obeys  the  same  natural  laws. 
Whether  or  not  there  is  a  direct  causal  relationship  between  its  outbreak 
in  man  and  in  animals,  it  is  frequently  coincident  with  the  existence  of 
a  disease  in  horses  called  "  pink-eye."  This  coincidence  has  so  fre- 
quently been  found  that  it  would  seem  to  point  to  a  relationship  between 
them,  although  the  precise  character  of  that  relationship  is  not  yet  well 
understood.  Influenza  is  both  contagious  and  infectious.  Like  other 
infective  diseases,  its  severity  of  tj^pe  varies  ;  in  some  epidemics,  its 
original  form  is  comparatively  slight,  but  it  gains  in  intensity  during  the 
progress  of  the  outbreak.  Pfeiffer  has  isolated  a  bacillus  from  the  puru- 
lent bronchitic  sputum  of  those  attacked,  which  is  generally  believed 
to  be  its  causal  factor.  It  is  a  fine,  short  rod,  having  rounded  ends,  is 
frequently  found  in  chains,  and  measures  0-5  micro-millimetre  in  length. 
It  is  easily  stained  with  carbol-fuchsin.  Much  remains  to  be  known 
regarding  the  habitat  of  this  organism  and  the  modes  of  its  propagation. 
1  Vide,  puper  on  "  Influenza  "  by  the  Author,  San.  Jour.,  April  1892. 
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So  far  as  is  known  at  present,  it  enters  the  body  chiefly  by  the  air- 
passages. 

Whooping- Cough  is  commonly  a  disease  of  the  early  years  of  life,  but 
is  not  unknown  to  attack  those  of  maturer  ages.    The  highest  mortality 
obtains  within  the  first  five  years  of  life.    Of  the  total  deaths  from  this 
disease,  about  40  per  cent,  occur  within  the  first  year,  about  70-75 
per  cent,  within  the  second,  and  from  90-90  per  cent,  within  the  fifth 
year  of  life  of  those  attacked.    It  is  both  contagious  and  infectious.  The 
channel  of  attack  is  the  air-passages,  since  its  initial  symptoms  are  those 
of  catarrh  of  the  upper  mucous  tract.    The  infective  matter  is  chiefly 
centred  in  the  bronchial  and  nasal  secretion.    This  disease,  along  with 
measles,  accounts  for  a  higher  mortality  than  all  the  other  zymotic 
diseases  put  together,  and  not  uncommonly  one  is  the  sequel  "of  the 
other,  since  the  mucous  membrane  left  weakened  by  the  one  affords  a 
suitable  culture-ground  for  the  micro-organism  of  the  other.  They 
have  many  times  been  known  to  run  concurrently.    It  does  not  aj/pear 
to  have  any  strongly  marked  relationship  to  seasonal  influences.  The 
higher  death-rates  which  obtain  in  certain  seasons  over  others  seem  to  be 
determined  more  by  complications  than  by  the  influence  of  the  disease 
itself,  although  various  complicating  diseases  are  engendered  by  the 
existence  of  whooping-cough.    It  may,  however,  be  said  generally, 
that  the  highest  mortality  prevails  in  the  first  three  months  of  the  vear, 
and  the  lowest,  in  the  summer  months  ;  but  this  is,  doubtless,  in  large 
measure  due  to  the  pulmonary  complications  which  are  apt  to  arise 
in  the  more  inclement  conditions  of  the  winter  and  spring  months. 
Whether  age  confers  a  resisting  power  against  the  disease  is  a  question 
difficult  to  determine.    While  it  is  well  established  that  adult  life  is 
but  rarely  the  subject  of  attack,  it  is  a  matter  of  some  uncertainty 
whether  this  apparent  immunity  is  not  due  to  unrecognised  attacks  iii 
infancy  or  childhood.    If,  however,  an  isolated  community  be  attacked, 
the  disease  finds  its  victims  in  children  and  adults  alike.    In  one  island 
on  the  west  coast  of  Scotland,  for  twenty  years  before  1892  the  disease 
was  unknown  ;  but  in  that  year  it  was  introduced,  and  of  a'total  popu- 
lation of  380  persons,  114  were  attacked  at  all  ages  up  to  twentv.  A 
micro-organism  has  been  found  in  whooping-cough,  but  it  is  not  yet 
clearly  proved  to  be  the  intimate  causal  factor. 

Within  recent  years  there  has  been  much  bacteriological  investiga- 
tion concerning  the  causative  organism  of  this  disease.  Zusch  ^  de- 
scribed a  short  oval  rod-bacillus,  one  and  a  half  times  as  long  as  broad, 
the  centre  of  which  stained  imperfectly.  He  had  isolated  it  in  twenty- 
five  cases.  Before  it  can  bo  cultivated  it  must  be  completely  freed  of 
mucus.  It  grows  best  on  glycerine  agar  with  anasarcous  fluid.  Its 
colonies  are  moderately  small,  round,  slightly  raised,  grey  or  gre;sash- 
white,  and  finely  granular.  It  does  not  grow  so  w^ell  on  ordinary  agar,  or 
glycerine  agar,  or  glucose  agar,  nor  any  better  on  blood-serum  agar  than 
on  glycerine  agar.  It  does  not  liquefy  gelatine  nor  produce  any  turbidity 
in  broth  after  24  hours,  but  a  sediment  is  deposited.  It  is  lion-motile, 
iorms  no  spores,  is  but  slightly  resistant  to  high  temperatures,  and  is 
mostly  Gram  negative.  It  docs  not  ferment  grape-sugar,  nor  coagulate 
anilk,  not  does  it  give  a  serum  reaction.  It  agreed  in  most  particulars 
1  Munch,  med.  Woch.,  June  7,  1898  ;  B.M.J. ,  vol.  ii.,  1898,  pp.  20  seq. 
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with  an  organism  previously  isolated  by  Czaplewski,  who,  having  exa^ 
mined  Zusch's  specimens,  agreed  that  they  were  the  organism  he  hiraselt 
had  isolated.  Koplik  also  isolated  an  organism  in  thirteen  cases  out  oi 
sixteen  of  pertussis,  which  he  described  as  a  delicate  short  bacillus, 
thinner  than  B.  diphtherice  and  not  more  than  one-third  or  one-half  its 
length,  measuring  0-8  to  1-7  /x  in  length  and  about  0-3  /x  to  0-4  [m  in 
breadth.  He  beheved  this  to  be  an  organism  similar  to  one  isolated  m 
this  disease  by  Afanassiew.  Vincenzi  ^  also  isolated  a  bacillus  identical 
with  that  described  by  Jochmann  and  Krause  as  B.  pertussts  Ep'pendorf, 
but  different  from  those  found  and  believed  to  be  characteristic  by 
Czaplewski  and  Hensel  and  others.  Among  the  most  recent  investiga- 
tions on  this  subject  are  those  of  Bordet  and  Gengou,^  which  were  earned 
out  in  the  Pasteur  Institute,  Brussels.  The  organism  isolated  by  them 
is  a  small  bacterium,  ovoid  in  form,  which  stains  very  feebly  m  its 
central  parts  with  carbolised  methylene-blue  or  toluidin,  does  not  form 
spores,  and  is  killed  by  a  temperature  of  55°  C.  It  grows  well  on  a 
medium  composed  of  equal  parts  of  defibrinated  human  blood  and  gelatin 
with  some  added  glycerine  and  potato  decoction.  It  does  not  grow  on 
ordinary  media.  It  differs  from  the  organisms  described  by  Afanassiew, 
Czaplewsld,  Vincenzi  and  others,  in  not  being  able  to  grow  on  ordinary 
cultare-media.  Bordet  and  Gengou  beheve  their  organisms  to  be  the 
specific  organism  of  whooping-cough  for  the  following  reasons  :  (1)  that 
in  children  who  never  previously  had  any  respiratory  affection  but  who 
have  been  attacked  by  undoubted  pertussis,  the  organisms  are  found 
plentifullv  in  the  leucocytic  secretion  on  the  fifth  day  :  and  (2)  that  the 
serum  of  "children  recently  recovered  from  pertussis  possesses  a  marked 
agglutinative  power  on  the  organism,  and  the  serum  of  healthy  persons 
or  of  those  who  have  had  pertussis  years  previously  does  not  possess  this 
property.  If  the  foregoing  researches  teach  any  lesson,  it  is  that  there 
does  not  appear  to  be  at  present  any  agreement  in  common  relative 
to  the  specific  organism  of  whooping-cough. 

As  bearing  upon  the  infectivity  of  a  common  cold,  it  has  been  ob- 
served of  inhabitants  of  remote  islands  who  are  cut  off  from  intercourse 
with  the  mainland  for  the  major  portion  of  each  year,  as  in  St  Kilda  and 
other  inlands  similarlv  circumstanced,  that  whenever  a  ship  visits  the 
island,  numbers  of  the  inhabitants  are  seized  with  a  catarrhal  infection 
of  the  naso-bronchial  tract,  which,  in  St  Kilda  at  least,  is  known  as 
"  the  strangers'  cold." 

Diphtheria,  a  name  given  by  Bretonneau  in  1826  to  a  disease  which 
was  formerly  called  angina,  and  which  was  first  described  by  Aretseus 
the  Cappadocian  about  eighteen  centuries  ago,  is  due  to  a  micro-organism 
which  chiefly  attacks  the  surface  of  the  upper  mucous  membrane  of  the 
air-passages,  or  abraded  skin-surfaces  of  other  parts  of  the  body.  Its 
origin  in  microbic  influence  was  first  suggested  by  Laycock  in  1858.  A 
committee  of  the  Royal  Medical  and  Chirurgical  Society  of  London, 
appointed  to  inquire  into  the  nature  and  cause  of  diphtheria  and  naem- 
branous  croup,  reported  in  1879  that  while  certain  micro-organisms 
were  found  by  them  in  false  membrane,  they  did  not  regard  them  as 
causative  agents.    Oertel  discovered  a  coccus  which  he  considered  to  be 

1  Centralb.  f.  Bakt.,  March  12,  1902  ;  B.M.J. ,  vol.  ii.,  1902,  pp.  12  862. 

2  Le  Scalpel,  Sept.  2,  190G  ;  B.M.J. ,  vol.  ii.,  1906,  pp.  60  acq. 
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the  prime  cause.  Klebs  in  1873  found  a  bacillus  in  the  throat  of  affected 
persons,  but  lie  failed  to  isolate  it  by  culture  out  of  the  body.  Friedricli 
Lofller  corroborated  Klebs'  discovery,  and  succeeded  in  isolatini<  the 
organism  by  artificial  cultivation.  He  also  proved  the  existence  of  th(^ 
coccus  described  by  Oertel,  but  established  by  experiment  that  it  was 
not  causative  of  the  disease.  The  BacUlus  diphthericB  has  come  there- 
fore, to  be  spoken  of  as  the  Klebs-Loffler  bacillus.  It  is  a  long  straight 
or  shghtly-curved,  non-motile  rod,  which  is  thickened  or  clubbed  at  one 
or  both  ends,  and  which  measui'es  between  1-2  and  2  micro-millimetres 
1  '"^^^'^^       Gvam'a  method.    Associated  with  the 

Klebs-Lofiier  bacillus  are  the  pseudo-diphtheritic  bacillus  of  Loffler 
which  he  found  m  1887,  and  that  of  von  Hoffmann,  to  which  the  latter 
drew  attention  m  1888.    These  exhibit,  however,  certain  chnical  and 
cultural  differences  from  the  true  organism  which  enable  them  to  be 
distingmshed  from  the  true  bacillus.    The  researches  of  Hewlett  and 
Knight  have  established  the  following  points  of  difierence.  Clinically 
the  pseudo-organisms,  although  found  in  certain  cases  of  sore  throat  and 
merubranous  rhinitis,  are  not  contagious,  and  the  patches  in  which  they 
are  found  do  not  tend  to  spread.    Culturally,  they  may  be  distinguished 
by  the  following  differences— viz.  (1)  On  alkalised  potato,  they  form 
distmctly  visible,  cream-coloured  colonies  in  two  days,  whereas  the 
growth  of  the  true  bacillus  in  the  same  time  is  almost  invisible  ;  (2)  With 
neutral  litmus-agar  they  produce  an  alkaline  reaction,  the  true  bacillus 
an  acid  reaction ;  (3)  In  nutrient  broth,  under  strictly  anaerobic  con- 
ditions, the  pseudo-organisms  do  not  grow,  whereas  the  true  bacillus 
grows  freely;   (4)  The  former  gives  the  indol-reaction  with  veptone- 
water  only  after  three  weeks'  growth,  the  latter,  at  the  end  of  one  week. 
Utlier  observers  as  Eoux,  Yersin,  and  others  affirm,  however,  that  the 
pseudo-bacilh  are  simply  ordinary  diphtheritic  bacilli  which  have  become 
attenuated  m  influence.    Salter's  observations  go  a  long  way  to  sub- 
stantiate this  latter  view.    By  cultui-al  treatment  he  succeeded  in  trans- 
torming^the  supposed  non-pathogenic  pseudo-bacillus  into  one  having 
tbe  pathogemc  properties  and  morphological  characters  of  the  true 
bacillus,  and  which,  when  injected  into  guinea-pigs,  operated  exactly 
similarly  to  the  true  bacillus.  1  o         r  &     r  j 

From  the  practical  point  of  view,  therefore,  it  is  better  to  treat 
the  pseudo-baciUi,  when  found  in  the  living  human  body,  as  having 
the  potentiabties  of  the  diphtheritic  bacillus,  until  at  least  more  regard- 
ing their  hfe-history  is  known.    Diphtheria  mainly  attacks  the  young, 
altbougli  It  does  not  spare  those  of  adult  years.  It  attacks  the  female 
more  than  the  male  sex,  and  the  death-rate  of  the  former  is  the  higher. 
It  prevails^more  in  rural  than  in  urban  communities,  but  it  would  appear 
to  be  on  the  increase  in  the  latter  ;  but  Avhether  this  is  due  to  increased 
lacihties  of  inter-communication,  to  school-life,  on  account  of  its  presence 
•not  being  detected  early,  or  to  drain-sources,  or  from  those  combined, 
has  not  yet  been  definitely  determined.    Whether  the  disease  in  fowls 
known  as    gapes    or  "  roup  "  is  identical  with  diphtheria  is  also  un- 
decided, but  our  observations  show  that  the  presence  of  a  false  membrane 
m  these  birds  is  sometimes  followed  by  a  paralysed  condition  of  the 
lower  limbs. 

1  Trans.  Jenner  Inslit.,  series  ii.,  pp.  113-125, 
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From  the  point  of  view  of  practical  hygiene,  it  is  of  importance 
that  the  identity  or  non-identity  of  "  gapes  "  or  "  roup  "  with  diphtheria 
should  be  decided.  Turner^  has  shown  the  existence  of  this  fowl- 
disease  and  human  diphtheria  to  be  concurrent  in  several  instances. 
He  fm-ther  affirms  that  he  has  seen  a  farmer's  wife,  her  son,  and  a 
daughter  seized  wdth  a  disease  notified  by  a  medical  practitioner  as  diph- 
theria, from  treating  fowls  which  were  suffering  from  the  disease  called 
"  gapes  "  or  "  roup  "  or  "  sincup  "  all  of  which  are  local  names  for  the 
same  disease  ;  that  he  has  succeeded  in  conveying  human  diphtheria  to 
fowls  ;  and  that  he  has  seen  paralysis  of  the  lower  limbs  of  a  fowl  succeed 
the  throat- affection.  We  can  personally  corroborate  the  last  observa- 
tion. 

Ferre  ^  has  also  given  some  attention  to  the  subject.  He  believes 
the  diphtheria  or  "  pip  "  of  birds  to  be  closely  allied  to  the  disease  in 
the  human  subject.  Some  forms  in  birds  are  due  to  the  Loffler  bacillus, 
some  to  B.  coli  communis,  and  some  to  the  pneumo-bacillus,  the  first 
being  the  most  virulent.  He  narrates  the  case  of  a  child  who  sufiered 
from  diphtheria,  proved  by  bacteriological  examination,  and  who  re- 
covered after  treatment  with  antidiphtheritic  serum.  This  child  had 
been  plajdng  with  a  cock  near  a  henhouse,  this  bird  having  had  "  pip  " 
about  two  weeks  before.  The  bird  was  then  still  somewhat  hoarse  on 
crowing,  and  was  also  slightly  paralysed.  Complete  paralysis  super- 
vened later,  and  the  bird  died.  On  its  body  being  dissected,  patches 
of  membrane  were  found  in  the  larynx,  and  a  number  of  hard  yellow 
nodules,  known  to  be  found  in  bird-diphtheria,  were  discovered  in  the 
intestine.  Cultures  were  made  from  these,  and  a  bacillus  similar  to 
Loffler's  bacillus  isolated,  which,  when  inoculated  into  pigeons  and 
guinea-pigs,  caused  diphtheria  and  death.  In  a  further  series  of  experi- 
ments, healthy  fowls  were  inoculated  with  a  toxin  prepared  from  culture 
of  this  bacillus,  and  paralysis  was  produced,  which  was  cured  by  the  use 
of  antidiphtheritic  seruni.  He  also  found  that  fowls  which  sufEered 
from  "  pip  "  were  much  benefited  by  the  administration  of  that  serum. 

The  identity  of  the  disease  is,  on  the  other  hand,  denied  by  M'Fadyen 
and  others.  But  all  this  points  to  the  need  for  definite  experimental 
evidence. 

Diphtheria  does,  however,  attack  cats,  and  these  animals  are  readily 
afiected  by  taking  milk  containing  a  culture  of  the  organism.  In  De- 
cember, 1905,  an  outbreak  due  to  cats  was  recorded  in  the  Burgh  of 
Govan  by  the  medical  officer  of  health.  One  of  the  cats  examined  wasi 
found  to  be  suffering  from  post-diphtheritic  paralysis  of  the  legs,  and 
swabs  taken  from  the  throats  of  two  others  were  found  to  contain 
organisms  culturally  and  otherwise  identical  with  the  B.  difUhericB. 
There  can  be  little  doubt,  however,  that  the  main  cause  of  spread  of  the 
disease  is  school-life,  owing  to  the  use  in  common  of  slates,  and  the  too 
prevalent  habit  of  children  of  cleaning  the  same  with  their  saliva.  There 
are  reasons  also  for  believing  that  it  may  be  associated  with  certain 
idcerated  conditions  of  the  udder  of  the  cow.  The  experiments  of  Klein, 
which  consisted  in  injecting  a  culture  of  the  organism  into  the  body  of 
the  cow,  demonstrate  that  swelling  and  thickening  follows  at  the  point 

1  B.M.J. ,  vol.  i.,  1900,  p.  1900  ;  idem,  p.  1506. 
^  Arch,  clinique  de  Bordeaux,  Juno  1897. 
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of  injection  ;  tliat  it  increases  for  about  seven  days,  and  then  subsides  • 
that  broncho-pneumonia  develops,  whicli  is  followed  by  a  vesicular 
eruption  on  udder  and  teats,  the  Huid  of  which  contains  the  bacillus  • 
and  that  the  milk  of  the  cow,  when  given  to  cats,  gives  rise  to  an  illness 
which  exhibits  great  likeness  to  that  which  is  sometimes  found  in  cats 
during  epidemics  of  human  diphtheria. 

While  diphtheria  usually  manifests  itself  in  epidemic  form,  in  certain 
districts  it  is  endemic,  and  sporadic  cases  may  also  arise.    The  time  of 
greatest  mortality  is  in  November  and  Deceinber,- which  accords  with 
the  time  of  greatest  prevalence  of  epidemics  of  the  disease ;  the  lowest- 
mortality  period  is  the  summer  months.    Atmospheric  humidity,  rain- 
fall, wet  condition  of  soil,  and  other  factors  have  been  indicated  as  pre- 
disposing conditions  to  its  outbreak  and  prevalence,  but  no  satisfactory 
evidence  has  yet  been  adduced  in  proof.    The  infective  matter,  apart 
from  contagion  from  the  sick,  is  believed  to  be  carried,  and  the  disease 
therefore  to  be  propagated,  by  air  and  milk,  and  some  would  add,  by 
water.    There  is  no  proof,  however,  of  the  truth  of  the  last.    In  respect 
of  milk  which  has  been  exposed  during  its  preparation  for  sale  to"^  in- 
fective matter  from  a  sufferer,  or  which  has  been  handled  by  a  carrier  or 
distributor  who  is  suffering  from  a  mild  attack  of  the  disease,  the 
bacillus  finds  a  suitable  culture -medium  in  which  to  grow ;  consequently, 
many  outbreaks  have  been  traced  to  this  cause.    In  its  growth  in  the 
human  air-passages,  the  bacillus  forms,  albumoses  or  toxins  which  on 
absorption  into  the  blood  produce  profound  changes  in  the  nervous 
system,  of  which  paralysis  of  the  palate,  and  even  paresis  of  one  half  of 
the  body,  are  not  uncommon  manifestations.^    The  membrane  or  ex- 
udation is  occasionally  found  on  parts  of  the  body  other  than  the  throat. 
We  have  seen  two  instances  in  which  it  had  developed  on  abraded  sur- 
faces on  infants  in  houses  in  which  another  member  of  the  family  ex- 
hibited it  in  the  throat.    Coiffii  has  reported  a  case  of  utero-vaginal 
diphtheria  during  the  puerperal  period,^  and  O'Brien,  of  diphtheria  of  the 
glans  penis  after  circumcision. ^    Croup  is  a  name  associated  with  certain 
symptoms  of  difficult,  noisy,  crowing  respiration,  which  is  due  to  laryn- 
gitis accompanied  by  more  or  less  tumefaction  of  the  laryngeal  mucous 
membrane.    But  diphtheria  is  sometimes  mistaken  for  croup  when  the 
location  of  the  false  membrane  is  laryngeal,  by  reason  of  the  mechanical 
difficulty  of  respiration  thereby  produced.    Membranous  croup  is  not 
in  public  health  law  held  to  be  a  synonym  for  diphtheria,  as  it  is  named 
separately  in  the  schedule  of  the  Notification  Act.    That  such  membran- 
ous exudations  may  arise  on  the  laryngeal  mucous  surface  there  is  no 
doubt,  as,  for  example,  where  strong  ammonia  vapours  are  inhaled; 
but  in  view  of  the  aid  to  diagnosis  which  bacterioscopy  affords,  the  time 
has  arrived  when  the  name  membranous  croup  should  be  blotted  out  of 
public  health  nomenclature. 

Erysipelas,  the  prime  factor  of  which  is  the  Streptococcus  erysipdatis, 
is  one  of  the  few  zymotic  diseases  which  does  not  by  one  attack  confer 
immunity  against  a  second,  or  even  a  third  attack.    The  same  organism 

1  Vide  paper  by  author,  Proc.  Phil.  Soc.  Qlaag.,  March  189.'5,  "  The  Anti- 
toxin Treatment  of  Diphtheria." 

2  Rif.  Med.,  Nov.  22-24,  1899  ;  B.M.J.,  vol.  i.,  1900,  pp.  11  scq. 

3  B.M.J.,  vol.  ii.,  1907,  p.  908. 
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has  probably  to  do  with  the  genesis  of  puerperal  fever.  The  incidence 
of  erysipelas  is  upon  the  skin  of  exposed  parts  of  the  body,  due  to  the  en- 
trance of  the  organism  by  a  breach  of  surface,  which  may  be  very  small. 
It  is  met  with  all  over  the  world,  and  occasionally  assumes  epidemic 
propoi-tions.  Being  closely  allied  with  scarlet  fever  and  puerperal  fever, 
it  is  found  to  be  coexistent  at  the  times  and  seasons  when  these  prevail. 
It  attacks  by  preference  the  male  sex,  but  this  is  probably  due  simply  to 
the  fact  that  males  are  more  exposed  to  conditions  calculated  to  produce 
abrasions  of  the  skin.  It  is  most  fatal  in  the  winter  months.  While  it 
once  was  common  in  hospital  practice,  it  has  practically  ceased  to  exist 
therein  since  antiseptic  and  aseptic  precautions  began  to  prevail.  The 
infective  matter  is  chiefly  found  in  the  area  of  skin-tissue  afiected.  Phleg- 
monous erysipelas,  which  manifests  itself  by  extensive  and  rapid  destruc- 
tion of  areolar  tissue  accompanied  by  suppuration,  is  due  to  what  is 
commonly  known  as  the  Streptococcus  pyogenes,  which,  according  to 
recent  observers,  is  identical  with  the  S.  erysipelatis,  their  apparent 
difierences  in  action  being,  probably,  largely  owing  to  the  nature  of  the 
tissue  invaded,  and  in  some  measure  also,  to  the  type  of  virulency  of  the 
organism. 

Puerperal  fever  is  a  communicable  disease  associated  with  parturient 
women.  It  is  a  somewhat  unfortunate  name,  since  in  modern  nosology 
it  is  used  to  include  a  variety  of  conditions.  It  ought  to  be  distinguished 
by  one  feature— viz.  septic  poisoning.  It  is  caused  by  the  ;S.  pyogenes. 
Its  infective  character  is  most  marked.  The  infective  material  chngs 
tenaciously  to  the  clothing  and  person  of  attendants,  hence  the  most 
scrupulous  care  and  completeness  should  characterise  the  disinfection 
of  everything  and  of  every  person  in  connection  with  a  case.  It  has 
been  propagated  by  medical  men  and  nurses  from  the  sick  to  the  healthy, 
notwithstanding  the  most  vigilant  care  and  most  thorough  disinfection. 
It  may  arise  from  the  air  of  house-drains  ;  at  least,  certain  cases  point 
strongly  to  this  source.  Careful  aseptic  toilet  of  the  patient,  absolute 
cleanliness  of  hands  and  instruments,  and  good  sanitary  surroundings 
will  prevent  its  inception  and  check  its  spread.  While  the  designation 
"puerperal  fever"  is  found  in  the  Infectious  Disease  (Notification) 
Act,  1899,  it  is  to  be  remembered  that,  for  death-registration  purposes, 
that  designation  ought  no  longer  to  be  employed,  but  instead  such  terms 
as  "  puerperal  septicsemia  "  or  "  puerperal  sapraemia,"  or  "  puerperal 
pysemia,"  as  the  case  may  be.^ 

In  order  to  protect  infant  life  at  the  time  of  birth,  and,  doubtless,  \yith 
the  intention  to  reduce  the  mortality  of  mothers  during  the  puerperium 
from  puerperal  septic  diseases,  the  Midwives  Act,  1902,  was  passed. 
The  Act  does  not,  however,  extend  to  Scotland  or  Ireland.    Its  main 
provisions  are  as  follow  : — After  April  1st,  1905,  any  woman,  who  not 
being  certified  under  this  Act  to  take  or  use  the  name  or  title  of  midwife 
either  alone  or  in  any  other  combined  name,  so  takes  any  such  name 
implying  that  she  is  a  person  specially  qualified  to  practise  midwifery, 
shall  be  liable  to  a  penalty ;  and  any  woman  who  habitually,  and  for 
gain,  shall  after  that  date  attend  women  in  childbirth,  except  under  the 
direction  of  a  qualified  medical  practitioner,  and  who  is  not  certified  under 
1  Vide  Williams,  "  Deaths  in  childbed  ;  a  Preventable  Mortality,"  London, 
1904. 
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tliis  Act,  shall  also  be  liable  to  a  penalty.  To  be  ccrtifiod  i.nder  the  Act 
a  woman  had  to  show  that  with. n  two  years  of  the  passing  of  the  Act  sh. 
held  a  certihcate  m  nudwi  ery,  and  had  been  foi  one  year  at  least  n 
bona  fide  practice  as  a  n.idwife  A  Central  Mid  wives  Board  was  ap- 
pointed for  the  purpose  of  regulating,  alia,  their  own  proceedings 
issuing  certificates  and  conditions  of  admission  to  the  roll  of  niidwives' 
course  of  training  and  conduct  of  examinations,  regulating,  supervis  nj 
and  restricting  the  practice  of  midwives,  and  deciding  the  cond  t7on  S 
suspension  of  midwives  from  practice.  Every  Council  of  a  countv  or 
covmty  borough  shall  be  the  local  supervising^authority  over  Sve 
witlnn  their  respective  areas,  and  such  Council  shall  investigate  cha  Z 
of  malpractice,  negligence,  or  misconduct  on  the  part  of  any  midwife 

v  '  V.  ''"^^  Central  Board,  shall  susp  nd 

any  midwife  if  such  suspension  appears  necessary,  in  order  to  prevent 
the  spread  of  infection,  and  shall  report  to  the  Central  Board  the  na^ne 
of  any  imdwife  under  their  supervision  convicted  of  an  offence  Any 
woman,  duly  certified  under  this  Act,  who  proposes  to  commence 
.practice  as  a  midwife  in  any  area,  before  commencing  so  to  do 

authority  ^  ^''^'''^  ^°  '^'"^^  ^'^        local  super^dsing 

..n  ™^  be  reckoned,  in  one  of  its  forms  at  least,  as  a 

zyinotic  disease.    By  reason  of  its  outbreak  in  epidemic  form  from  time 
to  time  m  this  and  other  countries,  its  microbic  origin  was  suspected. 
Pathology  has  demonstrated  that  the  form  which  the  disease  then 
assumed  was  what  is  known  as  the  croupous  or  fibrinous  form,  and  that 
th3  croupous  inflammation  very  often  was  confined  to  the  upper  lobe 
Moreover,  clmically  it  differed  from  the  catarrhal  form  in  the  svmptoms 
exHibited.    But  the  diagnosis  is  rendered  very  difficult  by  the  fact  that 
mai-ked  pulmonary  symptoms  may  initiate  other  microbic  invasions 
of  the  body.    This  is  true  of  anthrax,  plague,  and  sometimes  of  enteric 
tever.    In  one  very  extensive  and  fatal  outbreak  of  enteric  fever  in 
Glasgow  due  to  infected  milk,  many  of  the  earliest  cases  had  so  pro- 
nounced pulmonary  symptoms  that  the  true  nature  of  the  disease  was 
masked  for  a  period ;  but  as  the  cases  progressed,  it  became  clear  and 
conclusive.    The  highest  mortality  from  pneumonia  is  attained_in 
^ecember  but  It  is  also  high  during  the  other  winter  mon^thTTiTepi- 
demic  of  this  disease  prevailed  in  MiddlesborougE^Tbrfifst  half  of  1888 
attacking  1633  persons  in  a  population  of  97,000,  of  whom  369  persons 
died,    ihis  IS  the  largest  epidemic  which  has  occurred  in  this  countrv 
Ballard  reported  that  this  arose  from  meat-poisoning  bv  American "Jl 
bacon,  the  most  prominent  symptom  being  pneumonia.^"  According  (a 
to  ioulerton,2  epidemic  pneumonia  again  prevailed  in  the  same  town  ' 
in  1900-1901,  this  time  characterised  by  fibrinous  lobar  attacks,  which, 
however,  were  not  due  to  pneumococcus  infection,  but  in  his  opinion 
which  was  derived  from  bacteriological  investigation,  to  a  bacillus 
possessing  all  the  characters  of  the  B.  coli  comnmnis,  to  which,  according 
to  Klein  and  Ballard,  the  epidemic  of  1888  was  also  attributable.  In 
1882,  Friedlander  and  Talamon  discovered  in  croupous  pneumonia  a 
defimte  micro-organism  wliich  they  called  the  Bacillus  pfieunwnia; 

1  Local  Government  Board,  Supplementary  Report,  1887  and  1888 
"  B.M.J. ,  voJ.  ii.,  1901,  p.  700. 
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Friedl'dnder,  and  pure  cultures  of  wliich  injected  into  rabbits  produced 
the  disease.  Further  obsei'vations,  however,  showed  that  that  organism 
plaved  but  a  secondary  part  in  the  genesis  of  pneumonia,  and  that  the 
true  micro-organism  was  the  pneumococcus  discovered  by  Talamon- 
Frankel.  This  organism  is  actually  a  diplococcus,  and  has  been  called 
by  a  variety  of  names,  as,  for  example,  Diplococcus  pneumonic^  of  Weich- 
selbaum.  Streptococcus  lanceolatus  of  Talamon  and  Gamaleia,  and  the 
micrococcus  of  Sternberg.  In  the  Middlesborough  epidemic,  Klein  found 
a  bacillus  in  the  tissues  of  those  who  had  died  of  the  disease,  to  which  he 
gave  the  name  of  B.  pneumoniw.  The  Diplococcus  pneumonicB  forms 
pairs  of  cocci,  which  are  found  grouped  not  unlike  streptoccoci,  hence  the 
difference  in  nomenclature.  The  cocci  have  a  distinct,  lanceolate  shape 
at  each  extremity,  as  seen  in  bodily  fluids,  bi;t  this  character  is  lost  in 
ai-tificial  culture.  Moveover,  in  tissues  they  are  enclosed  in  a  capsule, 
or  what  appears  to  be  a  capsule,  which  is  also  lost  by  artificial  cultivation. 
It  is  easily  stained  by  Gram's  method,  whereas  the  organism  of  Fried- 
lander  is  decolorised.  But  in  respect  of  pneiunonia  generally,  there  are 
strong  grounds  for  believing  that  tiie  disease  is  altogether  due  to  microbic 
influences.  It  may  be  that  there  is  more  than  one  causal  factor  ;  that 
is,  indeed,  more  than  likely  :  but  the  exact  answer  can  only  be  given  by 
fiu-ther  and  more  intimate  study  of  the  disease  from  the  bacteriological 
standpoint.  According  to  a  report  of  Dr  Reynolds,  Health  Com- 
missioner of  Chicago  (1902),  pneumonia  has  been  proved  to  be  a  highly 
infectious  disease.  Since  June,  1900,  pneumonia  claimed  as  its  victims 
in  Chicago  more  than  one-eighth  of  all  the  deaths,  one-third  more  than 
fi-om  consumption,  and  46  per  cent,  more  than  all  the  deaths  from  the 
other  contagious  and  infectious  diseases  combined  which  numbered 
4489,  while  the  number  from  pneumonia  was  6582  deaths.  Parsons 
made  a  report  to  the  EnglishLocal  Government  Board  of  a  small  epidemic 
outbreak  in  Scotter,  Lincolnshire,  in  1890.  There  were  29  cases  and  18 
deaths.  Mice  fed  Avith  bread  soaked  in  the  sputum  of  the  sick — fourth 
day  of  the  disease — almost  immediately  died.  Klein  found  in  the 
bodies  of  the  dead  mice  a  bacillus  identical  with  the  organism 
found  in  the  IMiddlesborough  outbreak.  In  the  Scotter  outbreak, 
multiple  cases  in  the  same  house  were  rare.  Of  the  29  persons 
attacked,  16  were  over  55  years.  Parsons  attributed  the  cause  to 
sewer  infection. 

Plague. — This  disease,  which  in  the  earlier  centuries  overran  con- 
tinents and  destroyed  millions  of  lives,  and  which  last  appeared  with 
epidemic  force  in  this  country  in  1665,  again  made  its  appearance  in 
the  autumn  of  1900.  While,  bowever,  it  has  been  absent  for  so  long 
a  period  from  this  country,  it  has  in  the  interval  on  more  than  one 
occasion  visited  the  continents  of  Europe  and  Asia.  It  is  note- 
worthy that  these  outbreaks,  recent  and  remote,  have  all  had  their 
origin  in  the  East ;  indeed,  it  is  believed  that  it  is  endemic  in  certain 
districts  of  Upper  India,  Southern  China,  Manchuria,  and  in  Persia 
and  Turkestan. 

The  Justinian  outbreak  in  the  sixth  century,  which  worked  havoc 
iu  Great  Britain  between  the  years  664  and  685,  and  the  Black  Death, 
which  spread  from  Asia  to  Europe,  appeared  in  Italy  in  1348,  in  England 
in  August,  and  in  London  in  November  of  that  year,  left  enormous  death- 
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tolls  in  tlieir  wake.    It  is  estimated  that  the  latter,  in  Europe  alone 
destroyed  no  fewer  than  twenty-five  million-  persons.    Becoming  en- 
demic m  Great  Britain  and  Europe  between  the  fourteenth  and  seven-' 
teenth  centuries, it  did  not  become  extinct  in  the  formei-  till  some  fourteen ' 
or  fifteen  years  after  the  Great  Plague  in  London  in  1665.  Disappearing 
practically  from  Europe  for  the  most  part  of  the  eighteenth,  it  was  only 
to  be  lound  in  hmited  areas  during  the  nineteenth  century,  and  vanished 
icr?^  Continent  in  1844.    In  1853  it  appeared  in  Western  Arabia ; 
in  18o8  Iripoli  was  attacked  ;  and  in  1863  a  fatal  outbreak  of  the  bubonic 
type  developed  m  Persian  Kurdestan.    In  1867  it  broke  out  amon^ 
the  inhabitants  of  the  marshy  lands  of  the  Southern  Euphrates,  having 
doubtless,  been  conveyed  thither  by  pilgrims.  In  1871  it  again  revisited 
Persian  Kurdestan,  and  m  1874,  the  Lower  Euphrates,  Tripoli,  and  Assyr 
within  four  days'  march  of  Mecca ;   while  during  1875  and  1876"  it 
lingered  m  the  Euphrates  valley  and  Bagdad.    In  1884  the  disease 
existed  in  Yunnan,  China,  and  at  Pakhoi,  near  Tonkin.    In  March, 
1894,  It  appeared  m  Canton,  and  by  May  it  had  reached  Hong  Kong 
From  thence  it  spread  to  India,  appearing  in  the  Bombay  Presidency 
in  1896,  and  m  Calcutta  in  April  1898.    In  1896,  four  cases  appeared 
on  three  British  ships  saihng  from  Bombay  and  Calcutta ;  in  1897, 
two  lascars  took  ill  on  board  the  Carthage,  four  and  twelve  days  respect- 
ively after  leaving  Bombay,  and  in  1898,  certain  suspicious  cases 
occurred  on  the  s.s.  Caledonia  ;  indeed,  one  of  them,  detained  in  hospital 
in  Bombay,  proved  to  be  plague  ;  the  steamer  Golconda  horn  Calcutta 
and  Madras  arrived  at  Plymouth  on  24th  December  with  a  case  of 
bubomc  plague  on  board,  but  the  patient  recovered  in  hospital ;  and 
the  s.s.  Peninsular  ftom  Bombay  arrived  on  14th  October,  1899,  at  the 
same  port  with  another  case  on  board,  the  patient  also  recovering  in 
hospital.    Since  January,  1899,  it  has  appeared  in  both  hemispheres, 
but  to  a  much  more  limited  extent  than  in  the  previous  years— in 
Alexandria,  93  cases  and  45  deaths  in  May ;  in  Oporto.  282  cases  and 
104  deaths  in  August ;  in  Santos  and  other  Brazilian  ports  in  October, 
infection  being  carried  from  thence  to  Cardiff,  Capetown,  and  the  Unitedll 
States ;  and,  in  addition,  in  Hamburg,  Lisbon,  Trieste,  Svdney,  Stil 
Petersburg,  and  San  Francisco.    The  small  outbreak  in  Vienna  in  ' 
October,  1898,  arose  from  laboratory  infection,  and  occasioned  thi-ee 
deaths— viz.  of  the  laboratory  attendant,  and  of  Dr  Miiller  and  a 
nurse  who  attended  him  during  his  illness.    The  Glasgow  outbreak 
began  in  August,  1900,  and  by  the  end  of  September  there  were  36 
persons  attacked.    Again  in  August,  1901,  there  was  a  return  of  the 
disease  in  the  district  of  previous  outbreak.    On  this  occasion  the 
persons  attacked  numbered  five  in  all.    In  October  of  the  same  year, 
however,  the  disease  again  appeared  in  a  different  part  of  the  citv  among 
the  servants  of  a  large  hotel,  of  whom  five  were  attacked.    There  has 
been  no  return  of  the  disease  in  the  city  since  that  time.    The  total 
number  of  persons  attacked  was  46,  and  the  total  deaths  numbered  16. 
The  initial  source  of  the  infection  remains  a  mysterv,  but  the  cause  of 
the  spread  was  the  holding  of  "  wakes  "  over  the  bodies  of  persons  who 
had  died  of  the  unrecognised  disease. 

The  causal  factor  of  the  disease  is  the  B.  peslis,  which  was  discovered 
independently  and  simultaneously  by  Yersin  and  Kitasato  in  1894. 
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They  both  found  it  in  the  blood  and  buboes  of  affected  persons.  It  is 
a  very  minute  cocco-bacillus,  which  is  non-motile,  and  gives  the  appear- 
ance of  a  small  squat  bacillus.  It  measures  from  1  to  2  micro-millimetres 
in  length  and  aboiit  0-5  in  width.  Kitasato  states  that  at  37°  C.  it  is 
motile,  and  Gordon,  that  it  possesses  terminal  spiral  fiagella.  It  is 
non-sporular,  and  is  a  facultative  anaerobe.  It  stains  readily  with  anilin 
stains,  but  the  best  results  are  obtained  from  the  use  of  carbol-thionin- 
blue  and  eosin,  as  stain  and  counter-stain.  To  examine  sections  for  the 
organism,  they  are  first  stained  with  carbol-thionin-blue  for  five  minutes 
on  the  slide,  washed  with  water  to  get  rid  of  excess  of  stain,  then  in 
water  slightly  acidulated  with  acetic  acid  and  lastly  in  ordinary  water. 
It  is  then  counter-stained  with  a  J  per  cent,  watery  solution  of  eosin  for 
about  half  a  minute,  washed  in  absolute  alcohol  to  get  rid  of  water, 
cleared  in  xylol,  and  mounted  in  Canada  balsam.  The  staining  exhibits 
well-marked  bi-polarism,  and  the  bacillus  seems  to  be  enveloped  in  a 
capsule.  The  B.  pestis  is  differentiable  from  those  organisms  which 
resemble  it,  and  which  moreover  may  be  found  along  with  it  in  cases 
of  mixed  infection,  in  that  it  is  not  capable  of  being  stained  by  Gram's 
method,  while  the  pneumococcus,  staphylococcus,  and  streptococcus  are 
freely  stained  therewith.  It  is  found  abundantly  in  the  affected  glands, 
almost  as  a  pure  culture  in  the  earlier  stages  of  the  adenitis,  but  as  in- 
voluted forms  usually  in  the  suppurative  stage  ;  and  in  the  lung-tissue, 
the  spleen,  liver,  kidneys,  and  other  organs  of  the  body.  It  can  be 
cultivated  easily  in  the  ordinary  media,  but  it  grows  most  rapidly 
on  blood-serum,  forming  shghtly  elevated,  moist,  cream-coloured 
growths.  In  gelatine  it  shows  as  an  opaque  white  growth  with  irregular 
edges. 

Plague  attacks  the  lower  animals,  and  there  is  clear  evidence  to 
show  that  it  is  communicable  from  them  to  man.  Clemow  ^  has  made 
an  exhaustive  study  of  this  part  of  the  subject,  and  has  shown  that 
epidemic  outbreaks  occur  in  monkeys,  in  rats,  bandicoots,  squirrels, 
mice,  guinea-pigs,  porcupines,  and  marmots,  of  the  class  Rodentia,  and 
that  dogs,  cats,  pigs,  and  sheep  are  also  susceptible  but  in  a  more  limited 
degree,  while  goats  are  more  susceptible  than  they,  and  horses  escape 
infection  under  natural  conditions.  With  relation  to  man,  however, 
rat -infection  is  the  most  important.  It  has  been  definitely  established 
that  an  epidemic  of  the  disease  in  rats  is  commonly  found  to  precede  or 
run  concurrently  with  the  outbreak  in  man,  and  that  the  entrance  of 
diseased  rats  into  dwellings,  or  the  handling  of  rats  which  have  died  of 
the  disease,  is  in  these  circumstances  the  communicating  factor  to  man. 
There  is  also  some  evidence  to  support  the  belief  that  it  may  be  com- 
municated from  animal  to  animal  and  fronr  animal  to  man  by  the 
intermediation  of  fleas,  hce,  bugs,  and  ants.  The  experiments  of  Mon- 
tenegro of  Madrid  indicate  that  fleas,  passing  from  the  body  of  a  rat 
which  has  died  of  the  disease  to  that  of  a  healthy  rat,  cause  the  latter 
to  be  attacked  by  the  disease.  At  the  same  time,  outbreaks  of  plague 
have  occurred  without  manifestations  of  the  disease  in  rats.  In  the 
outbreak  in  Glasgow  there  was  nothing  to  point  to  its  origin  from  rats, 
since  in  23G  of  these  animals  which  were  caught  within  the  affected 
area  not  a  single  one  then  betrayed  any  evidence  of  disease,  and  of  124 
1  B.M.J. ,  vol.  i.,  1900,  pp.  1141,  114G. 
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.from  other  parts  of  the  city  which  were  examined,  the  like  was  observed 
Later,  however,  it  was  found  to  be  present  in  those  animals  to  the  extent 
ot  about  2  per  cent,  of  those  caught.  More  particularly,  it  may  be  said 
concerning  the  first  outbreak  in  August  and  September,  1901,  that  the 
most  careful  search  for  infected  rats  failed  to  reveal  any.  Of  230  of  these 
animals  caught  within  the  infected  area,  not  a  single  one  showed  any 
evidence  of  any  disease,  much  less  plague  ;  and  the  same  was  true  of 
other  124  rats  caught  m  other  parts  of  the  city.  In  the  second  outbreak 
in  August,  1901,  one  infected  rat  in  that  month  was  found  in  the  locality, 
and  m  the  following  month,  five  more  plague-infected  rats  were  dis- 
covered, three  of  these  being  alive  and  two  dead.  In  the  third  outbreak 
m  October,  1901,  among  the  servants  in  the  hotel,  the  mummified  bodies 
of  plague -infected  rats  were  found  under  the  floor  of  a  refreshment  room 
where  those  attacked  were  mostly  engaged  in  their  daily  work.  In 
addition,  there  were  found  in  the  vicinity  of  the  hotel  during  a  period 
of  about  a  month  after  the  outbreak  21  rats,  dead  or  alive,  all  of  whom 
were  plague-infected.  From  that  time  till  the  end  of  January,  1902,  in- 
fected rats  were  being  found  in  premises  in  the  neighbourhood  of  the 
hotel,  and  in  an  underground  railway  which  leads  to  one  of  the  docks 
in  the  harbour.  Later,  in  J uly  of  the  same  year,  infected  rats  were  again 
found  in  the  neighbourhood  of  the  hotel  and  at  the  dock,  and  although 
in  not  a  few  instances  some  of  these  were  caught  in  restaurant  premises 
in  which  large  numbers  of  persons  were  being  employed,  no  further 
cases  of  plague  were  known.  Certain  observers  have  found  the  Bacillus 
pestis  in  the  bodies  of  fleas  and  ants  which  have  been  feeding  on  the 
bodies  of  diseased  rats.  In  Tidswell's  Keport  of  the  Sydney  outbreak, 
organisms  resembling  B.  pestis  were  found  in  fleas,  which,  when  injected 
into  the  body  of  the  pig,  produced  the  bubonic  form  of  disease  ;  and 
Hankin  discovered  the  bacillus  in  ants  which  had  fed  on  the  bodies  of 
rats  which  had  died  of  plague. 

From  the  reports  of  many  observers,  and  perhaps  chiefly  from  the 
exhaustive  reports  of  the  Commission  on  Plague  Investigations  in  India, 
there  cannot  be  the  least  doubt  but  that  plague  is  disseminated  from 
person  to  person  by  the  agency  of  fleas.  Much  investigation  has  been 
rnade  regarding  this,  as  also  on  the  question  of  the  transmissibiUty  of  the 
disease  to  man  by  the  fleas  of  the  rat.  Eesearches  have  made  the" follow- 
ing points  clear  : — (1)  That  different  animals,  including  man,  are  attacked 
by  different  parasites  of  the  flea  species,  but  that,  commonly,  a  particular 
flea  attaches  itself  by  preference  to  a  particular  host ;  thus  Pulex  irritans 
selects  man  as  its  host,  Ceratophyllus  jascialus  selects  rats  in  Europe, 
Pulex  cheopis,  rats  in  Bombay  and  in  the  Punjaub,  India,  Pulex  felis 
the  cat  and  dog,  Ctenopsylla  musculi,  mice  and  rats  in  various  parts  of 
the  wofld,  and  Sarcopsylla  gallinacea,  birds  ;  (2)  That  the  species  of  rat 
attacked  by  P.  cheopis  is  Mus  rattus  or  the  black  rat,  and  the  species 
attacked  by  C.  jascialus  is  Mus  decumanus  or  the  brown  rat ;  (3)  That  the 
M.  rattus  is  the  most  common  rat  of  India,  and  M.  decumanus  the  most 
common  rat  of  Europe  and  of  the  British  Islands;  (4)  That  M.  decumanus 
invaded  this  country  in  the  eighteenth  century  and  drove  out  M.  rattus, 
or  the  black  rat,  which  for  centuries  before  was  the  common  house-rat  of 
Great  Britain. 

It  has  been  said  as  a  reason  against  the  view  that  the  spread  of  plague 
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is  due  to  the  fleas  of  rats,  that  rat  fleas  do  not  bite  men.  Such,  has  been 
maintained  by  GalU-Valerio,^  Verjbitski,^  and  others. 

The  Indian  Plague  Commission  has  shown,  however,  "  that  P.  cheopis 
will  make  use  of  man  as  a  host,  and  may  be  captured  in  large  numbers 
on  men  in  houses  infested  with  rat  fleas,"  and  Verjbitski,  that  human 
fleas  bite  rats,  and  can  live  as  parasites  on  rats.  It  is  not  so  clear  that 
the  flea  of  the  brown  rat,  C.  fasaiatus,  will  bite  man,  or  that  C.  muscxdi 
of  rats  found  in  other  parts  of  the  world  will  do  so.  But  if  the  former 
part  of  this  last  statement  be  found  to  be  true,  it  will  account  for  the 
absence  of  outbreaks  in  Great  Britain,  since  the  flea  parasite  of  the 
brown  rat — now  the  domestic  rat  of  this  country — ^is  C.  fasciatus  and  not 
P.  cheopis.  The  differentiating  characters  of  the  former  flea  are  the 
following  :  it  has  well-developed  eyes  and  possesses  a  pro-thoracic  comb 
of  bristles ;  of  P.  cheopis  :  it  is  small  and  light  coloured  compared  with 
P.  irritans,  the  human  flea  ;  it  possesses  a  larger  nmnber  of  head-bristles 
than  P.  irritans,  which  possesses  only  one  bristle  on  the  posterior  portion 
of  the  head ;  has  no  pro -thoracic  comb  of  bristles ;  and  its  claws  are 
smaller  than  those  of  P.  irritans.^ 

Plague  in  man  manifests  itself  in  three  typical  forms — viz.  the 
bubonic,  pneumonic,  and  septiccemic.  The  first  is  characterised  by  en- 
largement of  glands  in  different  parts  of  the  body,  chiefly  in  the  inguinal, 
axillary,  and  cervical  regions.  Boccaccio,  in  the  Induction  to  his 
Decamerone,  describes  graphically  the  bubonic  character  of  the  plague 
in  Florence  in  1348.  In  this  type  of  disease,  swelling  of  a  group  of 
glands  occurs  on  one  side  or  other  of  the  body,  or  one  group  on  one  side 
and  a  second  on  the  other  side,  and  as  a  rule  one  of  the  group  forms  a 
distinct  bubo.  The  swollen  glands  are  extremely  tender  to  pressure. 
The  tissues  above  and  around  the  bubo  become  brawny  and  oedematous, 
and  as  the  swelUng  increases  and  suppuration  advances  the  overlying 
skin  becomes  deeply  congested  and  purplish  in  colour,  until  the  bubo 
bursts  usually  from  the  eighth  to  the  tenth  day,  whereupon  a  deep 
ulcerated  surface  is  left  with  ragged,  undermined  edges.  The  tempera- 
ture during  the  first  two  or  three  days  rises,  until  it  may  reach  104° 
or  105°  F.,  remaining  at  these  points  for  two  or  more  days  longer,  then 
it  falls  towards  normal,  only  again  to  rise  before  the  bubo  bursts,  when 
it  again  falls.  Should  however  septicsemic  infection  supervene  thereafter, 
it  again  rises,  and  remains  high  until  death  supervenes.  The  pneu- 
monic form  is  always  found  more  or  less  prevalent  alongside  of  the 
bubonic  type.  It  may  be  suspected  to  be  present  when  dming  bubonic 
plague  the  number  of  deaths  from  pneumonia  increases.  The  mode  of 
onset,  symptoms,  and  progress  are  generally  those  characteristic  of 
pneumonia.  Lobular  pneumonia  is  the  rule,  not  lobar,  but  its  signs 
are  not  so  fixed  as  in  lobar  pneumonia  ;  in  other  words,  a  dull  area  to-day 
may  in  a  day  or  two  clear  up,  and  a  second  new  dull  area  may  be  found. 
The  sputum,  which  after  twenty-four  hours  is  more  or  less  blood-stained, 
contains  enormous  numbers  of  bacilh.    This  form  is  more  fatal  than 

1  C'entralh.  ].  Bakteriol.,  Abt.  i.,  vol.  xxvii.,  p.  1  ;  Jour.  Trojj.  Aled.,  vol  v., 
p.  3.3. 

2  ThcHtfi  Univ.  St  Pcterab.,  1904-,  quoted  by  Pluguo  Conimissioii  ;  Jour,  of 
Hi/f/iene,  vol.  viii.,  No.  2,  p.  207. 

3  Jour,  oj  Hygiene,  vol.  vii.,  No.  3,  1907,  p.  455,  Plato  XII. 
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the  bubonic.  The  septicEeraic  form  is  less  common  than  the  others. 
Whether  it  is  due  to  a  mixed  infection  or  not  has  not  yet  been  determined. 
It  would  appear,  however,  that  the  glands  of  the  body  are  more  or  less 
generally  affected,  but  not  to  a  sufficient  degree  to  cause  definite  swell- 
ings. Death  commonly  supervenes  early,  due  to  the  profound  toxic  effect 
upon  the  system.  In  the  Glasgow  outbreak  the  type  was  mainly  bubonic, 
but  individual  cases  of  both  pneumonic  and  septicsemic  types  were 
observed. 

Symptoms. — The  symptoms  of  onset  observed  in  the  Glasgow  cases 
were  severe  headache,  rigors,  severe  prostration,  pain  in  back  and 
limbs,  and  the  bowels  more  often  constipated  than  loose.  The  face  of 
the  patients  was  pale,  especially  about  the  mouth,  the  expression  was 
dull  and  heavy,  and  presented  an  anxious  look.  This  last  appearance 
became  more  marked  when  the  patient  was  moved,  doubtless  owing  to 
the  pain  induced  in  the  glandular  sweUings,  even  when  the  patient 
appeared  unconscious  to  his  surroundings.  The  temperature  rose 
quickly,  and  by  the  second  day  reached  from  102°  F.  to  105°  F.  It 
was  remittent  in  character,  being  usually  one  or  two  degrees  lower  in 
the  morning.  The  pyrexia  ended  either  by  crisis  or  lysis.  Crisis 
occurred  in  the  untreated  cases  at  periods  varying  between  5  and  18 
days  after  illness  began.  Where  secondary  septicsemic  infection  occurred 
the  temperature  continued  high,  as  it  did  also  in  severe  cases  followed  by 
early  death.  The  amount  of  bubonic  disturbance  varied.  In  most  of 
the  cases  the  axillary  and  inguinal  glands  were  simidtaneously  afiected  ; 
in  others,  the  enlargement  was  confined  to  one  gToup  of  glands.  In  the 
milder  cases  resolution  occurred  with  suppuration,  but  in  the  bulk  of 
cases,  a  bubo  went  on  to  suppuration  and  ruptm-ed,  from  which  flowed 
a  seropurulent,  flaky  discharge,  which  in  all  the  cases  but  one  proved 
to  be  sterile,  or  free  from  B.  pestis.  In  the  exceptional  case,  AoruJent 
plague -bacilli  were  obtained  from  the  fluid  discharged.  Great  tender- 
ness on  pressure  of  buboes  was  present.  The  skin  of  the  patients  was 
dry  and  hot ;  sweating  was  generally  absent.  No  specific  rash  was 
observed,  but  mottling  of  the  sldn  over  trunk  and  thighs,  more  marked 
than  the  mottling  of  typhus  but  less  than  the  mulberr;^  eruption,  was 
noticed.  On  its  disappearance  it  left  a  dusky  hue  behind  it.  No 
petechiee  were  found  in  the  skin.  The  tongue  was  covered  with  a 
white  fur  and  showed  clean  edges,  but  occasionally  it  exhibited  a 
dorsal  brown  fur  ;  the  lips  were  dry,  and  sometimes  covered  with  sordes. 
The  respiration-ratio  was  notably  increased,  quite  apart  from  any 
pulmonary  complication.  Pneumonia,  however,  was  present  as  a 
complication  in  a  number  of  the  cases,  in  the  form  of  patches,  and  not 
in  lobar  areas.  Delirium  and  coma  were  more  or  less  present  in  all 
the  cases,  but  the  former  was  usually  shght  and  mildly  delusional  in 
type. 

Some  of  the  Glasgow  cases  were  so  slight  that  they  might  be  named 
as  of  the  type  Pestis  ambulans.  The  buboes  were  small,  so  much  so  at 
times  that  needle-puncture  for  diagnostic  purposes  was  difficult.  The 
temperature  was  rarely  above  100°  F.,  and  was  usually  under  that 
figure  ;  but  notwithstanding  the  apparent  lightness  of  the  infection, 
proved  by  finding  the  bacillus  in  the  glands,  the  patients  presented  a 
heavy,  drowsy-looking  expression  of  face,  increase  of  pulse — respiration 
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ratio,  injected  conjunctivae,  and  a  furred  tongue.  In  tlie  typical 
pneumonic  case  large  numbers  of  B.  pestis  were  found  in  the  sputum. 
This  patient  recovered.  The  Eeport  on  the  Glasgow  outbreak  by  Dr 
Chalmers,  Medical  Officer  of  Health,  from  which  the  foregoing  details 
have  been  mainly  obtained,  contains  a  valuable  original  contribution 
by  Cairns  on  the  agglutinative  property  of  blood-serum  in  plague  cases, 
which  is  well  worthy  of  study. 

Incubation  Period. — The  average  period  is  from  three  to  five  days, 
but  it  has  been  asserted  that  it  may  be  shorter  or  that  it  may  be  longer. 

Modes  of  Infection. — The  bubonic  form  is  believed  to  be  due  to  the 
entrance  of  the  B.  pestis  into  broken  cutaneous  surfaces,  such  as  from 
the  bites  of  insects,  or  otherwise  produced ;  and  the  pneumonic  form, 
to  be  due  to  the  inhalation  of  dust  containing  the  organism.  Kitasato 
has  found  B.  pestis  in  the  dust,  and  Yersin,  in  the  soil  of  houses 
occupied  by  plague-stricken  cases. 

Modes  of  Spread. — There  can  be  little  doubt  that  as  a  means  of 
spreading  the  disease  from  one  place  to  another  the  presence  of  the 
disease  in  rats  is  a  most  important  factor.  In  this  way  plague  may  be 
transmitted  in  ships  from  port  to  port.  Whether  the  fleas  of  rats  are 
capable  of  conve}dng  the  disease  to  man  is  not  yet  clearly  decided, 
but  that  they  are  able  to  transmit  it  from  animal  to  animal  has  been 
demonstrated.  The  disease  may  also  be  disseminated  by  air,  water, 
food,  or  by  direct  inoculation.  How  far  the  spread,  progress,  and  arrest 
of  epidemics  are  influenced  by  climatic  conditions  is  not  yet  well  under- 
stood. From  certain  observations,  Baldwin  Latham  has  ventured  the 
opinion  that  there  is  a  marked  relationship  between  the  rise  and  fall 
of  atmospheric  vapour  tension  and  the  progress  and  arrest  of  plague.-*^ 

Preventive  Measures. — Since  evidence  points  so  strongly  to  the  ex- 
istence of  the  disease  in  rats  either  previous  to  or  contemporaneous 
with  an  outbreak  in  man,  a  vigorous  crusade  must  be  undertaken  for  the 
extermination  of  these  rodents  during  the  existence  of  an  outbreak,  or 
earlier  if  disease  be  observed  in  them.  In  the  outbreak  in  China,  it 
was  found  by  Kitasato  that  in  Kobe  one  rat  in  five,  and  in  Osaka,  one 
rat  in  ten  was  affected  by  plague.  None  of  the  rats  killed  in  Glasgow 
in  the  infected  area  were  found  affected.  Their  extermination  may 
be  accomplished  by  trapping  and  killing,  and  by  cremating  their  bodies. 
Danysz  of  the  Pasteur  Institute,  Paris,  has  proposed  to  attain  this  end 
by  feeding  them  with  cultures  of  a  cocco-bacillus  resembling  in  general 
characters  the  B.  coli.  The  plan  seems  to  have  been  successful  in 
Paris,  Lille,  Hamburg  and  other  places,  but  it  seems  to  have  signally 
failed  in  Glasgow.  Rats  were  fed  with  the  serum,  but  none  of  them  died, 
and  of  two  which  were  inoculated  with  it  only  one  died. 

The  Scottish  Local  Government  Board  of  date  21st  January  1902, 
issued  to  Local  Authorities  a  memorandum  with  respect  to  plague.  This 
circular  contained  general  directions  for  dealing  with  rats  in  connection 
with  that  disease,  and  transmitted  an  order  and  relative  regulations 
under  Section  79  of  the  Public  Health  (Scotland)  Act,  1897.  The  purpose 
of  these  regulations  was  to  empower  Local  Authorities  to  deal  effectively 
wath  diseased  or  infected  rats  and  with  rat-infested  areas,  the  signal  for 
the  initiation  of  a  campaign  against  rats  being  any  unusual  mortality 
1  B.M.J. ,  vol.  ii.,  IS'jy,  p.  175L 
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among  these  rodents.  Apart  from  ports,  each  Local  Authority  was  to 
devise  such  measures  as  to  them  seemed  likely  to  be  most  efiective  to 
extirpate  these  animals  from  a  neighbourhood  or  area.  For  seaboard 
Local  Authoj-ities,  the  Board  adopted  the  regulations  laid  down  by  the 
English  Board  and  quoted  those  in  their  order,  their  intention  being,  if 
possible,  to  prevent  the  introduction  of  the  disease  into  the  countrv  bv 
ship-rats  in  port.    These  were  as  follow  : —  "  " 

1.  When  a  ship  arrived  in,  port  whereon  during  the  voyage  plague 

or  suspected  plague  had  occurred,  the  Local  Authority  was  to 
take  such  measures  as  would  secure  destruction  of  the  rats  on 
board  the  ship.  Eats  were  to  be  prevented  from  coming  ashore 
by  causing  the  ship  to  be  moored  at  suitable  distances  from 
other  ships,  and  from  the  shore,  and  by  placing  guards  on 
hawsers  and  mooring-cables. 

2.  When  a  ship  has  come  from  any  place  infected  with  plague,  not- 

withstanding no  case  of  plague  or  suspected  plague  has  occurred 
on  board  during  the  voyage,  strict  inquiry  should  be  made 
on  the  ship's  arrival  as  to  mortality  or  sickness  among  rats 
during  the  voyage.  If  so,  a  sick  rat  should  be  secured,  so  that 
the  nature  of  the  disease  from  which  it  suffers  may  be  duly 
ascertained.  Should  it  be  proved  that  the  animal  is  suffering 
from  plague,  the  ship  should  be  dealt  with  as  in  the  former 
paragraph. 

3.  Exceptional  sickness  or  mortality  among  rats  on  board  any  ship, 

whatever  may  have  been  the  port  of  her  depai-ture,  should  be 
viewed  with  suspicion,  as  prompting  for  such  action  as  is  laid 
down  in  paragraph  2. 

4.  Eats  when  destroj^ed  on  shipboard  should  not  be  handled  but 

should  at  once  be  cremated. 

5.  When  rats  infected  with  plague  are  found  on  any  ship,  all  parts 

of  the  ship  frequented  by  these  animals  should,  as  far  as 
possible,  be  disinfected. 

6.  The  Authorities  of  seaport  towns  invaded  by  plague  should  in- 

stitute forthwith  a  general  campaign  for  the  destruction  of 
rats  in  the  town,  and  primarily  of  rats  in  docks  and  quayside 
warehouses  and  stores.  Measures  should  be  taken  to  prevent 
shore  rats  getting  on  board  vessels  lying  in  port,  and  to  destroy 
all  rats  on  board  ships  about  to  proceed  on  their  voj^age. 
Captains  of  vessels  should  be  urged  to  destroy  during  the 
ensuing  voyage  such  rats  on  board  ship  as  may  have  been 
overlooked. 

The  General  Order  contained  in  this  circular,  enforced  in  Article  I., 
that  the  Local  Authority  shall  take  measures  to  ascertain  regarding  any 
prevalent  disease  or  unusual  mortality  among  rats  within  their  dis'trict, 
and  if  such  be  found  to  exist,  they  sliall  at  once  report  the  facts  to  the 
Board,  and  take  steps  to  ascei-tain  whether  any  of  such  animals  is 
suffering  from  plague  ;  and  in  Article  XL,  that' if  plague  is  found  or 
suspected  to  exist  among  rats  within  the  district,  or  any  neighbouring 
distiict,  or  in  any  ship  lying  in  any  water  Avithin  the  jurisdiction  of  a 
Local  Authority,  such  Authority  shall  at  once  take  the  necessary  steps 
to  include  plague  among  the  diseases  to  which  the  Infectious  Disease 
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(Notification)  Act,  1889,  applies,  and  sliall  adopt  all  necessary  precautions 
to  prevent  the  dissemination  of  the  disease,  and  for  that  purpose  shall 
take  measures  {«)  to  disinfect  all  places  and  to  disinfect  or  destroy  all 
ai-ticles  that  may  have  been  exposed  to  infection ;  (b)  to  destroy  all 
rats  in  the  locality ;  (c)  to  prevent  their  entrance  into  houses,  ships, 
and  other  premises  ;  {d)  to  remove  all  deposits  or  accumulations  of 
rubbish,  refuse,  manure,  or  other  materials  likely  to  attract  such  animals  ; 
and  (e)  generally  to  do  ever}'thing  calculated  to  stamp  out  the  disease. 

In  addition  to  the  ordinary  well-known  methods  of  destroying  rats, 
newer  methods  have  been  devised  by  the  use  of  cultures  of  bacteria 
which  are  inimical  to  rats  but  harmless  to  man.  One  of  the  best  known, 
probably,  is  that  sold  as  Danysz  virus.  Conflicting  reports  have  been 
made  as  to  its  efficacy,  but  not  a  few  have  been  entirely  favourable. 
Its  efJect  upon  rats  is  to  generate  a  disease  which  is  communicable  from 
animal  to  animal.  Another  of  these  is  the  organism  of  Neumann  of 
Aalberg,  which  is  said  to  be  dangerous  only  to  sucking  pigs  and  sucking 
calves,  but  harmless  to  animals  other  than  the  rat,  and  also  harmless 
to  man.  For  destruction  of  rats  in  ships  nothing  more  efiective  has 
been  devised  than  the  Clayton  method  by  sulphur  dioxide.  When  the 
gas  reaches  the  haunts  of  the  rats  they  have  either  to  come  out  and  be 
killed,  or  remain  and  be  suffocated.  The  disadvantage  of  this  gas  is 
that  it  is  not  suitable  for  all  kinds  of  cargoes,  but,  so  far  as  rat-destruction 
is  concerned,  it  is  most  effective. 

Measiu'es  must  also  be  taken  to  prevent  its  spread  among  human 
beings  who  have  been  exposed  to  infection.  This  may  be  attained  by 
injecting  a  protective  serum  into  the  body.  There  are  three  such  serums 
or  vacciries — viz.  Haffkine's,  Yersin's,  and  that  of  Roux.  They  all 
confer  immunity,  but  the  degree  of  protection  varies.  Haffkine's 
vaccine  is  made  by  heating  cultures  of  B.  pesiis  to  70°  C.  for  one  hour, 
the  serums  of  Yersin  and  of  Roux  are  obtained  from  the  serum  of  the 
blood  of  a  horse  which  has  been  rendered  immune  by  injection  of  dead 
plague -bacilli.  Eor  protective  purposes,  Yersin's  serum  may  be  injected 
in  amounts  from  10  c.c.  to  40  c.c,  but  for  curative  purposes  in  those 
suffering  from  the  disease  the  best  effects  are  obtained  from  intravenous 
injections  of  doses  from  40  c.c.  to  100  c.c.  The  Plague  Commission  on 
anti-plague  inoculation  has  declared  that  the  ratio  of  mortality  of  un- 
inoculated  to  inoculated  persons  during  the  outbreak  of  the  disease  in 
certain  parts  of  India  appeared  to  be  nine  to  one.  At  the  same  time, 
because  of  the  variations  in  statistical  results,  they  were  unwilling  to 
condescend  upon  an  arithmetical  expression  of  the  protective  value  of 
inoculation,  although  quite  satisfied  that  inoculation  had  a  sensible 
effect  on  the  diminution  and  prevention  of  the  disease. 

In  addition  to  such  measures,  all  infected  material  should  be  burned, 
houses  thoroughly  disinfected,  and  bodies  of  persons  who  have  died  of 
the  disease  cremated,  or  otherwise  satisfactorily  disposed  of. 

Leprosy  is  a  disease  which  has  been  known  since  the  Mosaic  dispensa- 
tion, and  probably  since  earlier  times  even,  not  only  with  respect  to 
its  clinical  features  but  also  to  its  comiliunicability.  The  bacillus  was 
discovered  by  Armauer  Hansen  in  1873.  The  disease  prevails  to-day  in 
both  hemispheres  in  limited  areas.  In  Europe,  it  is  found  in  Norway, 
Sweden,  Spain,  Portugal,  Italy,  Greece,  Russia  (Southern),  Tiu-key, 
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and  some  of  the  islands  of  the  Mediteri'anean.  In  Africa,  in  the  Cape, 
Senegal,  and  other  parts.  In  Asia,  in  India,  notably  in  Colombo', 
Ceylon,  and  in  China ;  in  certain  islands  of  the  Pacific  as  Hawaii  and 
the  Sandwich  Islands  ;  and  in  America,  in  Mexico,  the  West  Indies, 
in  New  Brunswick,  Louisiana  and  other  places.  Although  endemic 
in  Great  Britain  up  till  the  end  of  the  seventeenth  century,  it  has  now 
disappeared  except  in  cases  imported  from  abroad.  An  Act  was  passed 
in  the  Parliament  of  Perth,  1427,  cap.  105,  "  Anent  Lipper  Folk."  The 
disease  chiefly  invades  the  skin.  It  is  due  to  a  specific  bacillus,  but 
attempts  to  cultivate  it  out  of  the  human  body  have  up  till  the  present 
signally  failed.  It  appears  to  require  for  its  growth  living  human 
tissue.  The  Bacillus  leprcB  measures  from  5  to  6  micro-millimetres 
in  length.  It  is  stained  with  the  ordinary  stains,  the  methods  of  Ziehl- 
Neelsen  and  of  Gram  bringing  out  its  characteristic  features.  The 
bacilli  are  found  in  abundance  in  the  affected  skin-areas.  The  disease 
exhibits  itself  in  one  of  two  main  forms,  although  both  may  be  found 
in  the  same  subject — ^vi2!.  the  tubercular  or  nodulated  form,  and  the 
ansesthetic  form.  The  latter  prevails  largely  in  Africa  and  other 
tropical  countries,  the  former  being  more  common  in  Norway  and 
other  European  centres.  This  disease  seems  to  be  uninfluenced  by 
climate,  since  it  is  found  in  regions  so  diverse  as  Iceland,  Central  Africa 
and  Honolulu,  and  while  it  is  found  largely  on  the  seaboard,  it  obtains 
also  in  high  inland  places.  Hutchinson  believes  it  to  be  caused  by  eating 
partially  cooked  salt  fish,  but  this  view  is  not  generally  accepted ; 
in  fact,  the  intimate  source  of  its  origin  is  not  known.  It  is  contagious, 
however,  not  only  among  persons  of  the  same  nation,  but  to  those  of 
other  nations.  The  case  of  Father  Damien  is  a  case  in  point.  He  died 
in  Molokai,  South  Sea  Islands,  in  1889. ^  Its  incubation-period  is  probably 
the  longest  of  all  the  infective  diseases.  In  Arning's  case,  in  which  he 
successfully  inoculated  the  disease  into  the  body  of  a  convict,  it  proved 
to  be  about  two  years.  This  convict  who  was  inoculated  had  no  inherited 
taint.  The  disease  was  introduced  into  his  body  by  suturing  a  piece  of 
affected  sldn  from  a  leprous  girl  nine  years  of  age,  who  was  the  victim 
of  tubercular  leprosy,  as  well  as  by  making  punctures  in  different  pails 
of  the  man's  body.  Four  weeks  after  inoculation  the  man  was  attacked 
with,  an  illness  alike  to  apyrexial  sub-acute  rheumatism,  the  left  elbow 
being  the  first  joint  involved,  the  left  arm  having  been  the  site  of  the 
transplantation  of  the  leprous  skin.  Then  other  joints  became  affected, 
the  whole  attack  lasting  four  months.  Thereafter,  characteristic 
swelling  occurred  in  tbe  left  ulnar  and  median  nerves,  which,  however, 
subsided  in  six  months.  Meanwhile  a  typical  leprosy  nodule  appeared 
at  the  site  of  the  transplantation  from  wliich  abundant  leprosy  bacilli 
were  obtained.^  Nastin,  described  by  Deycke  {B.M.J. ,  vol.  i.,  1908, 
p.  802),  has  been  emj)loyed  in  the  curative  treatment  of  leprosy  in  a 
few  cases.  Kaschid  repoi-ts  improvement  in  the  direction  of  healing 
of  ulcerations,  subsidence  of  tubercles,  softening  of  nodules,  and  restora- 
tion of  sensation  in  certain  cases  after  its  use.^  Nastin  is  the  name  given 
to  a  glycerin-aster  of  a  high  molecular  fatty  acid.    Isolation  of  those 

1  Lancet,  vol.  i.,  1889,  p.  1000. 

2  Wiener  med.  Woch.,  No.  29,  1889. 

3  B.M.J. ,  vol.  ii.,  1909,  p.  1343. 
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affected  seems  to  be  the  only  mcasui'e  of  any  value  in  arresting  the 
spread  of  tlie  disease,  and  this  policy,  as  carried  out  in  Norway  and 
elsewhere,  would  appear  to  have  been  attended  with  some  measure  of 
success.  Treatment  seems  to  have  but  little  effect  upon  the  progress 
of  the  disease.  Carrasquilla's  serum-treatment  is  followed  by  improve- 
ment, the  leprous  ulcerations  suppurate  freely  and  heal  rapidly,  and 
ulcers  previously  antesthetic  become  sensitive,  but  other  observers  have 
not  found  the  improvement  to  be  permanent. 

Rabies  or  hydrophobia,  which  is  produced  in  man  by  direct  inocula- 
tion fi'om  the  bite  of  a  rabid  animal,  is  believed  to  be  of  microbic  origin, 
although  the  specific  organism  has  not  yet  been  isolated.    Its  incuba- 
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Fio.  113.— To  illustrate  Prevalence  of  Deaths  from  Rabies  iu  England  and 
Wales  from  1880  to  1899  inclusive.  The  chart  indicates  the  number  of 
deaths  for  each  year  during  that  period. 

tion-period  is  variable ;  the  disease  has  developed  as  soon  as  six  weeks 
after  the  bite,  but  it  has  also  been  delayed  much  longer  than  that. 
According  to  certain  observers,  it  prevails  more  in  summer  and  autumn 
than  in  winter.  Of  the  deaths  which  have  been  recorded,  more  have 
happened  in  the  male  than  in  the  female  sex,  and  between  the  ages  of 
five  and  fifteen  rather  than  over  the  latter  age.  The  specific  organism 
apparently  has  its  seat  in  the  nervous  centres,  and  chiefly  in  the  spinal 
cord,  or  the  toxines  to  which  it  gives  rise  act  most  on  these  centres. 
Pasteur  based  his  line  of  treatment  on  that  fact.  He  found  that  when 
a  rabbit  was  inoculated  by  putting  under  the  dura  mater  a  piece  of  the 
spinal  cord  of  an  animal  or  person  who  had  died  of  rabies,  the  inoculated 
animal  developed  the  disease.  If  the  spinal  cord  of  the  rabbit  were 
then  taken  and  exposed  in  perfectly  dry  air,  he  found  that  it  lost  its 
virulency  in  direct  ratio  to  the  period  of  exposure.    By  using;  therefore, 
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cords  of  differont  rabic  strengths,  ]i«  was  able  to  immunise  dogs  or 
hunian  bemgs  against  the  disease.  In  like  manner,  persons  aiv 
treated  Avho  Lave  been  bitten  by  rabid  animals.  This  treatment  has 
proved  very  successful.  The  best  preventive  measure  against  the 
spread  of  the  disease  is  the  muzzling  of  dogs  during  the  hott(^st 
months  of  summer,  the  destruction  of  all  unowned  dogs,  and  of  those 
which  exhibit  suspicious  symptoms.  In  1892  the  Board  of  Agriculture 
issued  the  Rabies  Order,  by  which  countv  authorities  might  set  the 
above  measures  m  operation.  In  1897  (No.  5578),  however,  the  order 
was  enforced.  The  preceding  figure  shows  the  number  of  deaths  in 
Jingland  and  Wales  from  rabies  from  1880  to  1899  inclusive,  and  the 
effect  of  the  compulsory  muzzling  of  dogs  since  1897. 

The  repression  of  rabies  has  also  been  assisted,  doubtless,  by  the 
Vnn  ^^\?^  ^^^"^^  Agriculture— viz.  (1)  Importation  of  Dogs  Order 
1901,  No.  6396,  and  (2)  Importation  of  Canine  Animals  Order,  1909' 
By  the  former  Order,  it  is  laid  down  that  no  imported  dog  shall  be  landed 
in  Great  Britain,  except  from  Ireland,  the  Channel  Islands,  and  the  Isle 
of  Man,  unless  authorised  by  a  hcence  of  the  Board  previouslv  obtained, 
and  then  only  if  for  six  months  after  landing  it  is  detained  and  isolated 
at  the  ex-pense  of  the  owner  upon  premises  under  the  control  of  a  veterin- 
ary surgeon  approved  by  the  Board,  and  shall  not  be  removed  therefrom 
during  such  period  of  detention  ;  provided  that  the  foregoing  shall  not 
apply  m  the  case  of  a  bona  fide  imported  performing  dog  or  of  a  doc 
which  is  intended  to  be  exported  from  Great  Britain  within  forty-eight 
hours  after  landing.  The  Order  of  1909  applies  to  wolves,  jackals,  foxes, 
wild  dogs,  and  other  animals  of  the  canine  tribe  under  like  conditions. 

Cerebro-Spinal  Meningitis,  or  Cerebro  spinal  Fever.— The  past 
history  of  this  disease  in  civiUsed  countries  in  earlier  times  does  not 
appear  to  be  so  definite  as  that  of  other  infective  diseases.  Eesearch 
has  indicated,  however,  that  it  has  prevailed  in  both  hemispheres  prior 
•  to  the  nineteenth  century,  if  we  may  judge  from  the  train  of  symptoms 
recorded  of  certain  ill-defined  epidemics.    According  to  Hirsch,i  there 
appeared  in  certain  districts  of  France  and  Southern  Italy,  toward  the 
end  of  the  thirties  of  the  last  century,  a  form  of  epidemic  disease  which 
was  not  recognised,  but  the  phenomena  of  which  were  mainly  indicative 
of  inflammation  of  the  meninges  of  brain  and  spinal  cord.    The  disease 
later  received  the  name  of  Meningitis  cerebro-spinalis  epidemica,  or 
Typhus  cerebralis.    Within  the  following  twenty-five  years,  it  had  spread 
over  a  large  part  of  Europe,  and  had  appeared  in  Western  Asia,  in  Africa, 
and  in  South  America,  becoming  epidemic  at  times  in  the  United  States. 
From  that  time  till  the  present,  it  would  seem  as  if  there  had  been  in 
Europe  and  the  United  States  five  separate  epidemic  waves  of  the 
disease— viz.  (1)  in  1805-1830  ;  (2)  in  1837-1850  ;  (3)  in  1854-1875  ; 
(4)  in  1876-1884  ;  and  (5)  in  1900-1909.    It  has,  perhaps,  been  more 
consistently  present  in  the  United  States  of  America  than  in  any  other 
part  of  ^ the  world,  and  hence  some  have  designated  it  the  "  American 
disease."    If  we  confine  our  attention  to  its  outbreaks  since  the  middle 
of  last  century,  we  shall  find  that  it  was  probably  never  absent  from 
some  part  of  the  United  States  in  epidemic  form  between  the  years  1857 

1  Handbook  of  Oeographical  and  Historical  Patholoou,  vol.  iii.,  p.  547. 
(Now  Syd.  Soc.  Ed.) 
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and  1874.  In  the  winter  and  spring  of  1845-1846,  it  broke  out  in  the 
workliouses  of  Dublin,  Bray,  and  Belfast,  and  at  the  same  time  some 
cases  were  recorded  in  Liverpool.  There  was  another  outbreak  in 
Dublin  in  1850,  and  still  another  in  the  same  city  in  1866-1867,  chiefly, 
on  this  occasion,  among  the  soldiers  in  barracks.  In  this  latter  year, 
there  were  a  few  cases  in  a  village  near  Lincoln.  In  1876  there  was  a 
small  outbreak  at  Birmingham.  In  1884  there  was  a  series  of  cases  in 
Galston,  Ayrshire,  recorded  by  Dr  Frew.  Again  in  Dublin  in  1885- 
1886  many  cases  were  recorded.^  Sweden  was  severely  attacked  on 
two  occasions,  and  on  each  the  epidemic  continued  for  some  time.  The 
first  occasion  was  in  1854-1860,  and  the  second  in  1865-1867.  The 
number  of  deaths  recorded  from  both  epidemics  was  4577.  Germany  has 
experienced  several  epidemics,  one  of  the  most  severe  being  probably  that 
of  1863-1866,  during  which  years,  also,  it  was  present  in  epidemic  form 
in  Austria  and  Hungary,  an  orphanage  in  Vienna  being  attacked  in  1863. 

Coming  to  nearer  times,  an  outbreak  was  recorded  at  Roccella,  a 
village  near  Palermo,  Italy,  in  the  beginning  of  1888  ;  fairly  numerous 
cases  occurred  in  Berlin  in  1889,  and  in  the  province  of  Ontario,  Canada, 
since  1897  there  have  been  1140  deaths  from  the  disease.  In  1898, 
38  cases  were  intimated  in  Chicago,  of  which  25  proved  fatal,  the  organism 
having  been  found  in  six  in  which  a  post-mortem  examination  was  made. 
In  1899,  there  were  68  deaths  in  Great  Britain,  of  which  19  were  in 
England,  4  in  Scotland,  and  45  in  Ireland.  Of  the  fatal  English  cases, 
9  occm-red  in  Haslar  Hospital  among  boys  from  the  ship  Saint  Vincent, 
at  a  time  when  influenza  of  a  grave  type  was  prevalent. 

Dr  Flinn  reported  to  the  Irish  Local  Government  Board  in  1905 
respecting  an  outbreak  in  Dublin  in  1901.  The  cases  numbered  80, 
of  which  38  were  between  one  and  five  years  of  age,  38  between  five 
and  twenty,  12  between  twenty  and  forty,  and  4  between  forty  and  sixty 
years.    Nine  cases  were  under  one  year. 

In  December  1901,  there  was  a  small  outbreak  in  H.M.S. 
Northampon — a  training-ship  for  boys — consisting  of  12  cases  with 
several  deaths,  and  at  the  same  time  the  disease  appeared  in  H.M.S. 
Calliope,  another  training-ship.  .  It  was  thought  not  impossible  that  the 
infection  was  conveyed  to  the  latter  from  the  former. 

In  a  Report  by  Carlo  Fran§a,  chief  of  the  staii  of  the  Bacteriological 
Institute,  Lisbon,  it  is  stated  that  during  the  epidemic  in  that  city  in 
1901  and  1902,  310  patients  were  treated  in  hospital,  48  being  under  fi  ve 
years,  65  between  five  and  ten,  68  between  ten  and  fifteen,  49  between 
fifteen  and  twenty,  40  between  twenty  and  twenty-five,  and  39  between 
twenty-five  and  fifty-five.  Ninety  per  cent,  of  the  patients  showed 
Kernig's  sign.    The  death-rate  was  52  per  cent. 

M'Gahey  records  a  serious  and  widespread  epidemic  which  broke 
out  in  Yola,  Northern  Nigeria,  a  town  of  22,000  inhabitants,  which  is 
situated  on  the  Benne  River  about  1000  miles  from  the  coast.  It  began 
in  February,  1905,  and  lasted  till  the  end  of  April,  during  which  time  it 
spread  over  the  greater  pai-t  of  Northern  Nigeria,  travelling  in  a  westerly 
direction  and  confining  itself  very  largely  to  trade-routes.  The  months 
in  which  it  occurred  are  the  hottest  in  the  year,  the  temperature  on 
several  occasions  attaining  108°  F.  in  the  shade.    The  natives  had  had 

1  B.M.J. ,  vol.  i.,  188G,  p.  12G. 
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no  experience  before  of  the  disease,  but  in  other  part.s  of  the  Nigorian 
I'rotectorate  spotted  fever  had  been  known  previously.  Three  to  fiv(^ 
per  cent  of  the  entire  popuhxtion  of  the  infected  towns  were  attacked' 
and  the  death-rate  was  about  50  per  cent.,  rapidity  of  seizure  being  a' 
niarlved  feature  of  attack  during  the  prevalence  of  the  epidemic 

In  January,  1902,  a  small  outbreak  appeared  in  the  burgh  of  PaislcA- 
V\  e  were  brought  mto  touch  with  it  in  the  following  manner  Four 
persons,  mainly  chddren,  had  died  somewhat  suddenly  and  unexpectedly 
ihe  popular  rumour  was  that  their  deaths  were  due  to  some  poisonous 
substance  m  fried  fish  and  potatoes  of  which  some  of  them,  at  least  had 
pai-taken  m  a  shop.  Owing  to  the  prevalent  excitement,  the  Corpora- 
tion of  Paisley  asked  us  to  make  a  post-mortem  examination  of  the  body 
of  one  of  the  supposed  victims,  a  young  girl,  and  to  report.  The  post- 
mortem examination  revealed  a  plentiful  seropurulent  exudate  all  over 
the  ma]or  portion  of  the  pia  mater  and  along  the  major  portion  of  the 
spinal  cord.  Samples  of  the  exudate  were  taken  in  sterile  tubes  and 
after  examination  we  were  able  to  isolate  a  diplococcus  of  an  intracellular 
character  corresponding  to  Weichselbaum's  meningococcus,  and  to 
produce  photomicrographs  of  the  organism  as  part  of  our  report  The 
total  number  of  deaths  recorded  before  the  disease  disappeared  was  nine 
Tnn.    f**^""  ^"^^^§"        ^^^^^'^  of  1904  and  the  spring  of 

^^''^  ^^^^  ^''^^^  reported,  of  whom  3429  died,  the  deatlS  in 
1904  being  1403,  and  in  1905,  2026.i 

In  the  early  months  of  1905,  the  disease  broke  out  in  Vienna.^ 
In  several  of  the  affected  districts  it  was  noted  that  a  disproportionately 
large  number  of  domestic  animals  were  sufiering  from  brain  diseases  and 
on  examination,  the  Silesian  Health  Department  succeeded  in  isolatinc' 
the  meningococcus  from  the  nasal  discharges  of  both  horses  and  goats! 
J^rom  the  commencement  of  the  outbreak  in  April,  nearly  1000  persons 
had  died  m  Austria  of  the  disease.  In  Vienna  in  June  of  that  year,  there 
were  notified  45  fresh  cases  with  32  deaths,  and  in  July,  22  fresh  cases 
with  14  deaths.  In  the  same  year  some  cases  appeared  in  Irtlilincr- 
borough,  Northamptonshire,  which  were  reported  by  Dr  Reginald  Farr 
of  the  English  Local  Government  Board. 

In  the  years  1906-1908  outbreaks  took  place  in  Glasgow,  Edinburgh, 
Leith,  and  other  places  in  Scotland,  and  in  Belfast  in  Ireland.  From 
^ebruary  till  September  1907,  1611  cases  in  all  were  reported  to  the 
Scottish  Local  Government  Board  from  24  different  counties.  But  seven 
ot  these  counties  contained  83  per  cent,  of  all  the  cases,  the  majority  of 
that  percentage  being  in  Lanarkshire,  and  the  bulk  of  the  cases  in 
Glasgow  and  immediately  neighbouring  burghs. 

Owing  to  the  re-appearance  of  the  disease  in  England  and  in  Scotland, 
the  Local  Government  Boards  of  these  respective  countries  in  August 
and  September  1905  issued  circulars  thereon  to  Local  Authorities.  Al- 
though m  1905  only  a  few  odd  cases  were  noted  as  occurring  in  Glasgow, 
additional  cases  were  observed  in  different  parts  of  the  citv  in  the  early 
months  of  1906,  and  the  Medical  Officer  of  Health,  Dr  A.  K.  Chalmers, 
issued  a  memorandum  on  the  subject  on  31st  May  of  that  vear.  Care- 
fully scrutinising  the  death-returns  referable  to  brain  and  meningeal 
'  Flexner,  B.M.J.,  vol.  ii.,  lOOG,  p.  1023. 
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diseases,  lie  found  that  during  the  first  six  months  of  1906  the  number 
of  deaths  returned  from  tubercular  meningitis  remained  about  the 
normal  level,  but  that  the  number  returned  from  meningitis  had  con- 
siderably increased.  In  the  latter  half  of  that  year,  however,  both 
sets  of  returns  showed  increased  numbers  of  deaths,  and,  in  addition, 
deaths  were  being  certified  from  cerebro-spinal  meningitis.  There 
could  be  little  doubt  that  deaths  were  being  attributed  to  ordinary 
meningitis  which  ought  to  have  been  debited  to  the  former  disease. 

The  cases  registered  during  1906  of  cerebro-spinal  meningitis 
numbered  213,  of  which,  however,  21  were  found  not  to  be  of  that  disease. 
Of  the  192  cases  which  remained,  87  were  verified,  and  105  not  verified 
by  bacteriological  examination.  Of  the  87  verified  cases  65  died,  and 
of  the  105  non-verified  cases  76  died.  The  total  number  of  cases  of  the 
disease  in  1906  was  205,  being  a  case-rate  per  milUon  of  255,  with  143 
deaths  or  a  death-rate  per  miUion  of  178.  The  disease  was  made  notifi- 
able on  10th  August,  1906,  and  was  renewed  for  another  year  in  1907. 
In  1908,  it  was  added  permanently  to  the  list  of  notifiable  diseases. 

During  the  following  year,  1907,  998  cases  were  notified,  802  of  these 
being  between  1st  January  and  30th  June,  and  the  remainder,  196, 
between  1st  July  and  31st  December.  The  number  of  deaths  was  683. 
Of  the  total  cases,  72  per  cent,  were  under  ten  years  of  age. 

The  following  Tables  ^  are  instructive  : — 

Table  XXXVII 


ige  of 
at 

;  Ages 

Age-Groups 

Jan.  1- 

-June  30,  1907 

July  1- 

-Dec.  31,  1907 

Totals 

Percent: 
Cases 
DifferenI 

Males 

Females 

Total 

Males 

Females 

Total 

Males 

Females 

Total 

Under  12  months 

51 

52 

103 

26 

18 

44 

77 

70 

147 

14-7 

1-.5  years 

170 

168 

338 

40 

34 

74 

210 

202 

412 

41-3 

6-10  „ 

62 

66 

128 

13 

18 

31 

75 

84 

159 

15-9 

11-15  „ 

39 

44 

83 

7 

6 

13 

46 

50 

96 

9-6 

10-20  „ 

33 

15 

48 

5 

4 

9 

38 

19 

57 

5-7 

21-30  „ 

29 

19 

48 

5 

3 

8 

34 

22 

56 

5-6 

31-40  „ 

18 

12 

30 

6 

1 

7 

24 

13 

37 

3-7 

41-50  „ 

10 

7 

17 

5 

3 

8 

15 

10 

25 

2-5 

Over  50  „ 

5 

2 

7 

2 

2 

5 

4 

9 

0-9 

Totals 

417 

385 

802 

107 

89 

196 

524 

474 

998 

Percentages 

51-9 

48-1 

100 

54-6 

45-4 

100 

52-5 

47-5 

100 

From  an  analysis  of  595  of  these  deaths,  it  was  found  that  118  took 
place  on  the  first  day  of  the  illness,  and  that  a  decreasing  number  oc- 
curred on  each  following  day  during  the  first  week. 

The  epidemic  continued  into  the  year  1908,  bub  was  on  the  decline. 
The  total  number  of  cases  recorded  was  240,  giving  a  case-rate  of  300 
per  million  of  population,  as  against  998  cases  recorded  in  1907  with  a 
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case-rate  of  1237  per  million.     The  total  number  of  deaths  was  Vyy 
YZ7  ^  193  per  million,  as  contrasted  with  the  del  ] 

rate  of  1907,  which  was  847  per  million. 

Table  XXXVIII 
Shotving  Number  of  Deaths  and  Percentage  of  Deaths  to  Cases 
Intimated  at  different  Ages  during  1907  in  Glasgow 


Males 

Females 

Total 

Age-Groups 

Number 
of  Deaths 

Percentage 
of  Deaths 
to  Tiitiina- 
tions 

Number 
ofDeaths 

Percentage 
of  Deaths  to 
Intimations 

Num- 
ber of 
Deaths 

Percentage 
of  Deaths  to 
IntiniatioiiH 

Under  12  months 
1-5  years 
6-10 
11-15 
16-20 
21-30 
31-40 
41-50 
Over  60 

62 
150 
49 
24 
21 
19 
14 
10 
2 

80-5 
71-4 

65-  3 
52-2 
55-3 
55-9 
58'3 

66-  6 
40-0 

51 
148 
54 
34 
11 
18 
8 
6 
4 

72-  8 

73-  3 
64-3 
68-0 

59-  3 
81-8 
61-5 

60-  0 
100-0 

113 
298 
103 
58 
32 
37 
22 
16 
6 

76-9 
72-3 
64-8 
60-4 
56-2 
66-1 
59-5 
64-0 
66-6 

Totals 

351 

67-0 

334 

70-5 

685 

68-6 

In  the  Burgh  of  Partick,  adjacent  to  Glasgow,  cerebro-spinal  menin- 
gitis was  first  reported  m  July,  1906,  and  in  that  year  12  cases  occurred, 
?QnI  '     ^^^^^  occurring  in  members  of  one  family.  Durincr 

1908^  69  cases  were  reported,  of  which  41  were  reported  in  the  first 
quarter  of  the  year,  19  in  the  second  quarter,  6  in  the  third  quarter,  and 
3  in  the  fourth  quarter.  In  this  burgh  the  disease  also  appeared  in 
the  more  densely  populated  localities,  and  persisted  in  maintaining  its 
mtectmty  in  these  areas.  Of  these  69  cases,  46  died,  thus  dvine  a 
mortality-rate  of  66-6  per  cent.  Of  76  cases  notified  as  sufiering  from 
cerebro-spmal  fever,  59  were  verified  bacteriologically,  10  were  negative 
or  were  not  examined,  and  7  were  due  to  other  organisms,  4  to  tubercular 
meningitis,  2  to  pneumococcal  infection,  and  1  due  to  infection  bv  B 
typhosus. 

In  connection  with  54  cases  occurring  in  48  houses,  230  contacts  were 
examined  bacteriologically.  In  53  of  these  contacts  the  meningococcus 
was  iound  after  cultural  and  microscopic  examination. 
•  A-^^Tx.^^^^  Partick,  the  initiatory  presence  of  the  disease  was 
indicated  by  pneumonia,  m  the  sputum  of  the  patient  a  Gram-negative 
diplococcus  being  found.  Two  days  later,  symptoms  of  cerebro-spinal 
lever  developed,  and  the  organism  was  found  in  the  spinal  fluid  by 
lumbar  puncture. 

T  -xl^  Edinburgh,  the  deaths  formed  78  per  cent,  of  the  cases,  and  in 
Leith  74-4  per  cent. 

Ac^^^  ^rfi^f  *      19^'^       number  of  cases  recorded  was  623,  of  whom 
493,  or  79-2  per  cent.  died. 

Even  of  hospital-treated  cases  the  mortality  was  heavy ;  in  Ruchill 
Hospital,  Glasgow,  of  202  cases  treated,  79-2  per  cent,  died;  in  Edin- 
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burgh  Fever  Hospital  of  108  cases,  the  mortality  was  80-5  per  cent.  ; 
and  in  Belfast  Fever  Hospital,  of  275  cases  it  was  72-3  per  cent.  The 
number  of  cases  in  Dublin  in  1907  was  relatively  much  fewer  than  those 
in  the  other  places  named. 

Natural  History  of  Profagation. — Hirsch  affirms  that,  in  regard  to 
manner  of  outbreak,  incidence,  and  diffusion  as  an  epidemic,  this  disease 
shows  peculiarities  from  other  microbic  diseases.  It  appears,  for  example, 
in  localities  in  which,  so  far  as  known,  it  had  never  before  been  seen, 
and  it  proceeds,  not  infrequently,  fer  saltum  rather  than  by  continuous 
progression ;  in  other  words,  it  breaks  out  in  places  far  apart  from  one 
another,  and  the  inhabitants  in  the  vicinity  of  the  places  invaded  and 
those  of  the  intervening  districts  remain  free.  Thus  it  does  not  seem 
to  spread  along  lines  of  traffic.  In  some  places  it  will  appear  in  a  de- 
finitely epidemic  form,  in  others,  only  as  sporadic  cases  ;  in  some,  the 
epidemic  continues  over  months  or  years,  in  rarer  instances  it  lasts 
only  for  a  few  weeks.  Moreover,  in  places  in  which  it  does  break  out, 
cases  seem  to  appear  in  recurrent  crops,  intervals  of  time  elapsing 
between  the  recurrent  groups  of  fresh  cases.  It  is  further  noteworthy, 
that  in  some  epidemic  outbreaks  its  appearance  was  closely  associated 
with  grouping  or  aggregation  of  persons,  such  as  children  in  orphanages, 
inmates  of  workhouses,  and  soldiers  in  barracks.  This,  however,  has 
not  been  exhibited  in  the  recent  epidemics  in  Glasgow,  Belfast,  Edin- 
burgh, Leith,  and  other  places.  Hirsch  points  out  that  of  62  epidemics 
in  France,  43  were  absolutely  confined  to  soldiers  in  barracks,  6 
mainly  to  soldiers  but  partly  to  civilians,  and  in  5  it  was  equally  pre- 
valent among  soldiers  and  civilians. 

The  subjects  of  aggregation  of  persons  relative  to  the  spread  of  the 
disease  and  of  its  lateral  spread  were  carefully  studied  during  the  Glasgow 
epidemic  by  the  Medical  Officer  of  Health.  With  reference,  for  example, 
to  the  association  of  children  in  schools,  it  was  shown  that  in  38  schools 
single  cases  only  occurred,  in  17  schools  two  cases  developed,  in  6  schools 
three  cases,  and  in  4  schools  four  cases  each ;  thus  27  schools  had 
mrdtiple  cases,  but  in  no  instance  more  than  four  cases.  In  only  five 
instances  was  it  found  that  two  children  in  the  same  class  were  attacked. 
In  one  school,  both  the  children  sickened  on  the  same  day,  in  a  second 
school  the  interval  of  sickening  of  the  two  cases  was  eleven  days,  in  a 
third  the  interval  was  42  days,  but  in  this  last  instance,  in  the  interval 
referred  to,  a  third  child  in  another  class  sickened.  In  a  fourth  school, 
the  interval  was  five  days,  and  in  the  fifth  the  interval  was  47  days. 
With  regard  to  lateral  spread,  in  24  instances  only  was  there  more  than 
one  house  in  a  tenement  invaded.  The  following  Table  is  instructive 
in  this  regard  : — 

Table  XXXIX 


Showing  Interval  between  Invasion  of  se  far  ate  Houses  in  Same  Tenements 


Days 

Weeks 

Months 

Total 

Intervals 

Nuriihor  of  Insttinces 

1  2  .3  4  .5  ()  7 
1-2-11- 

2  3  4 
3-4 

2  3  4  5  (5  T 
5  2  2  -  1  1 

23 
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In  addition  to  these,  there  was  one  instance  in  wliicli  two  houses  in  the 
same  tenement  were  invaded  within  twenty-four  hours  of  each  other. 
It  is,  also,  not  unimportant  to  note  that  the  disease  recurred  in  some 
houses  after  they  had  been  disinfected  by  the  Sanitary  Authority. 
Examples  of  infection  directly  from  an  existing  case  are,  so  far  as  knowni 
rare.  Two  cases,  curiously  enough  of  medical  practitioners  so  infected^ 
have  been  recorded — viz.  the  fatal  case  of  Dr  Albert  B.  Craig,  who  con- 
tracted the  disease  from  a  patient  on  March  14th,  1905,^  and  that  of  one 
of  the  assistant  medical  officers  of  health  of  Glasgow,  who  recovered 
after  a,  protracted  illness.  He  was  attacked  six  days  after  visiting  a 
house  in  which  the  disease  existed,  and  in  which  the  smell  was  so  foul 
as  to  nauseate  him. 

Cerebro-spinal  meningitis  is  chiefly  a  disease  of  the  youne,  although 
in  certain  epidemics  it  would  appear  as  if  the  adult  popufation  were 
chiefly  the  subject  of  attack.  The  tables  already  given  for  Glasgow 
indicate  the  greater  frequency  of  attack  of  the  young.  In  1907,  for 
example,  72  per  cent,  of  the  total  cases  were  of  children  under  ten  years 
of  age.  If  the  age  be  extended  to  fifteen  years,  a  much  larger  percentage 
is  included.  During  1906  in  Glasgow,  24  infants  fed  on  breast-milk 
alone,  11  fed  on  artificial  food,  consisting  of  condensed  milk  and  porridge, 
were  among  the  victims  of  attack,  all  of  them  being  under  twelve  months 
of  age. 

Conditions  of  Outbreah.—Like  typhus-fever,  this  disease  appears  to 
have  its  habitat  amid  insanitary  surroundings — to  be  associated  very 
closely  with  uncleanhness  of  person  and  of  home,  and  with  crowded, 
ill- ventilated,  and  dirty  dwellings.    In  the  Glasgow  epidemic,  the  disease 
was  found  most  to  prevail  in  the  densely-populated  districts  inhabited 
by  a  working-class  population.    Probably  the  outstanding  factor  which 
determined  the  incidence  of  the  disease  in  dwellings  was  atmospheric 
pollution.    Of  23  invaded  houses  in  one  ward  of  the  city,  11  were 
definitely  dirty,  although  not  filthy  in  the  sense  of  demanding  admini- 
strative action  of  the   Sanitary  Authority;  in  another  ward,  of 
50  invaded  houses,  12  were  definitely  filthy ;    and  in  a  third,  of 
about  60  invaded  houses,  in  six  only  was  there  any  great  degree  of 
dirtiness.    On  the  other  hand,  in  40  invaded  houses  relative  cleanli- 
ness obtained.    Overcrowding,  which  leads  to  atmospheric  pollution, 
would  seem,  therefore,  to  be   a  more  potent  factor  than  relative 
dirtiness  in  a  dwelling.    In  one  two-apartment  house  of  a  little 
over  2100  cubic  feet  capacity,  occupied  by  10  inmates,  five  adults 
and  five  children,  five  were  attacked  fatally  by  the  disease.  Prob- 
ably in  the  last  analysis,  therefore,  atmospheric  pollution  will  be 
found  to  be  the  chief  factor  which  contributes  to  the  spread  of  the 
disease. 

Cli'inatic  Factors. — Various  observers  have  reached  the  conclusion 
that  cerebro-spinal  meningitis  is  a  disease  which  is  mainly  associated 
with  relatively  low  temperatures.  No  doubt  this  has  been  found  con- 
comitant with  outbreaks  in  very  many  instances,  as  has  its  disappearance 
been  noted  on  the  advent  of  higher  temperatures.  This  is  in  sonic 
measure  borne  out  by  the  numbers  of  attacks  during  the  year  1907  in 
Glasgow.    The  number  attacked  between  1st  January  and  30tli  Juno 

1  B.M.J. ,  vol.  i.,  1905,  p.  750. 
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was  802,  wliereas  between  1st  July  and  31st  December  it  was  only 
196. 

Such  a  doctrine  must,  however,  be  cautiously  adopted,  because  in 
certain  recorded  widespread  outbreaks  the  temperature  has  not  been  re- 
latively low  but  relatively  high.  Its  incidence  in  the  colder  months  of 
the  year  may  be  due,  as  in  typhus,  to  the  fact  that  it  is  during  these 
months  the  poor  herd  more  closely  together  for  purposes  of  warmth, 
thus  generating  atmospheric  pollution  of  the  apartments  in  wliich  they 
live. 

Hirsch,  from  a  survey  of  the  epidemics  in  various  countries 
over  nearly  a  century,  has  reached  the  opinion  that  the  disease  is 
usually  one  of  winter  and  spring  and  rarely  of  summer  and  autumn, 
is  chiefly  confined  to  temperate  and  sub-tropical  latitudes,  has 
not  penetrated  far  into  the  cold  zone,  and  has  not  at  all  invaded  the 
tropics. 

Infectivity. — The  disease  may  be  said  to  be  one  of  relatively  low 
infective  power,  and  of  limited  range  of  infectivity. 

Dm-ing  the  currency  of  the  Glasgow  epidemic,  Dr  R.  M.  Buchanan, 
the  city  bacteriologist,  from  investigation  proved  that  the  organism  is 
likely  to  be  foimd  in  the  naso-pharyngeal  secretions  of  the  majority  of 
those  suffering  from  cerebro-spinal  fever,  and  also,  like  the  organism  of 
diphtheria,  may  occasionally  be  found  in  these  secretions  in  otherwise 
normal  healthy  persons.  It  has  already  been  observed  that  organisms 
having  some  resemblance  to  the  meningococcus  are  also  foimd  in 
these  secretions,  notably  the  Micrococcus  catarrhalis,  and  therefore 
it  was  only  after  bacteriological  differentiation  that  Buchanan  was 
able  to  arrive  at  that  conclusion.  He  made  further  special  in- 
vestigation into  the  prevalence  of  the  meningococcus  in  the 
secretions  of  persons  who  had  been  in  contact  with  victims  of 
the  disease,  by  taking  swabs  from  the  vault  of  the  naso-pharynx 
by  way  of  the  mouth.  In  all  he  examined  swabs  thus  taken  from 
370  contacts,  of  which,  however,  62  had  to  be  rejected  for  different 
reasons.  The  remaining  308  cases  represented  members  of  74 
families,  and  of  these  in  81  instances,  or  at  the  rate  of  26-3  per  cent., 
was  the  meningococcus  found.  In  51  families  it  was  found  in  one  or 
more  members.  In  31  it  was  recovered  in  one  member,  in  M  in  two 
members,  and  in  one  family  in  five  members.  But  in  not  a  single  case  did 
the  disease  develop.  He  also  found  that  the  organism,  from  the  time 
it  was  first  discovered  in  the  naso-pharynx  of  these  healthy  contacts, 
persisted  in  that  habitat  from  seven  to  seventeen  days  thereafter. 
Of  24  patients  in  hospital — sufferers  from  the  disease— the  organism 
was  found  in  the  same  region  up  to  ninety-four  days  after  first 
detection,  while  in  some  who  recovered  it  was  found,  in  one 
case  two  years  after  recovery,  in  two  cases  after  twelve  months, 
and  in  one  case  after  three  months.  The  age-incidence  of  the 
contacts  in  whom  the  meningococcus  was  found  showed  that  those 
above  school-age  bulked  most  largely  in  number ;  thus,  from  under 
one  year  of  age  up  to  fifteen  years  the  number  was  30,  while  from  fifteen 
up  to  sixty-five  years  the  number  was  51.  These  results  were  only 
reached  after  microscopic  and  cultural  difTercntiation  of  the  organism. 
Poledue  made  an  investigation  while  the  disease  was  in  Pola,  the  naval 
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station  of  Vienna,  to  ascertain  if  the  meningococcus  could  be  found  in 
the  noses  of  healthy  persons.  His  results,  which  were  as  follow,  he 
communicated  to  the  Vienna  Clinical  Society.  He  examined  207 
healthy  contacts,  of  whom  25  gave  positive  results,  the  cocci  being  found 
as  long  as  18  days  after  first  detection.^  ° 

Symptoms. — The  onset  of  the  disease  is  usually  sudden.  Children 
commonly  complain  first  of  being  tired,  older  children,  of  headache  and 
shivering.  Not  infrequently,  vomiting  is  an  early  accompaniment. 
In  acute  cases,  stiffness  of  the  muscles  of  the  neck  with  retraction  of  head 
is  seen  early,  but  in  less  acute  cases  these  may  be  preceded  by  an 
interval  of  feverishness  at  night,  and  gradually  increasing  restlessness  with 
vomiting  more  or  less  persistent  in  character,  during  which  the  features 
become  pale  and  pinched,  and  the  tongue  dry  and  covered  with  a  whitish 
or  brownish  fur.  With  the  retraction  of  the  head — the  movement  of 
which  causes  the  patient  pain — there  is  commonly  dilatation  of  the 
pupils,  and  there  is  accompanying  apathy,  with  more  or  less  stupor  and 
intermittent  delirium.  Strabismus  is  a  common  sign,  particularly  in 
the  later  development  of  unconsciousness.  The  temperature  ranges 
between  100-5°  F.  and  103°  F.  in  the  average  case.  The  decubitus 
is  characteristic,  the  head  is  considerably  retracted,  the  thighs  are 
flexed  on  the  abdomen,  the  spine  is  arched  forwards.  The  breathing 
becomes  superficial,  and,  later,  Cheyne-Stokes  in  character.  A  scanty, 
irregularly-distributed  rash,  petechial  in  appearance,  makes  its  appear- 
ance. The  spots  are  about  the  average  size  of  hemp-seed,  are  more 
pronounced  than  the  typhus-rash,  and  usually  are  more  located  in  area 
of  distribution  than  the  rash  of  typhus.  From  this  skin-manifestation, 
the  disease  doubtless  received  the  designation  of  "  spotted  fever."  In 
cases  going  on  to  a  fatal  issue,  the  coma  becomes  deeper  and  deeper 
until  the  patient  cannot  be  aroused  to  consciousness  by  any 
stimulus. 

Post-mortem  Appearances. — We  have  made  several  examinations  of 
the  bodies  of  those  who  have  died  of  the  disease,  and  the  outstanding 
appearances  found  consisted  of  a  purulent  or  sero-purulent  exudation  on 
the  surface  of  the  brain  and  spinal  cord  along  the  tracks  of  vessels  in 
the  pia  mater. 

Bacteriology. — Meningeal  infections,  producing  the  same  general  train 
of  symptoms,  may  be  due  to  organisms  other  than  the  meningococcus, 
as  for  example,  to  Friedlander's  pneumococcus  and  to' B.  typhosus ;  hence, 
in  order  to  arrive  at  a  correct  diagnosis,  the  causative  organism  must  be 
differentiated.  It  will  be,  however,  near  the  truth  to  say  that  meningeal 
infections  by  the  two  last-named  organisms  are  relatively  much  less 
common.  To  these  must,  of  course,  be  added  B.  tuberculosis.  Usually, 
the  diagnosis  may  be  established  by  the  discovery  of  the  organism  in 
the  fluid  obtained  by  lumbar  pimcture.  Some  observers  have  gone  as 
far,  however,  as  to  declare  that  if  this  fluid  contains  an  excess  of  poly- 
morphonuclear leucocytes,  the  case  is  probably  due  to  meningococcal 
infection  rather  than  to  any  other  form. 

The  bacteriological  history  of  cerebro-spinal  fever,  put  shortly,  is 
as  follows  :  Prior  to  1886,  various  observers  had  recorded  as  present  in 
the  meningeal  exudation  of  cases  exhibiting  the  symptoms  of  meningitis 
1  B.M.J. ,  vol.  ii.,  1905,  p.  1231. 
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organisms  of  the  coccal  type.    Klebs,  Eberth,  Gaucher  (1881),i  Leyden  2 
and  Ughette  ^  m  1883,  Marchiafava  and  Celli  ^  in  1884,  were  amon^ 
the  earliest  of  these.    In  1886,  however,  Leichtenstern  ^  described  aS 
intercellular  organism,  not  unlike  the  M.  gononhece,  which  he  had  found 
in  the  exudate  of  a  patient  during  an  epidemic  outbreak  of  the  disease 
but,  hke  all  the  preceding  observers,  he  had  failed  to  cultivate  the  organ- 
ism in  artificial  media.    In  1887,  Weichselbaum,«  after  an  investigation 
ot  eight  cases,  gave  a  full  description  of  the  organism  which  he  had  found 
m  six  of  these  cases,  and  which,  being  diplococci,  differed  from  the 
OTgamsm  found  in  the  other  two  cases,  which  proved  to  be  pneumococci. 
He  characterised  the  diplococcus  found  in  the  six  cases  (1)  as  occurrino- 
m  pairs,  (2)  as  being  within  the  protoplasm  of  the  leucocytes,  and  (3)  as 
being  decolorised  by  Gram's  stain.    These  observations  were  confirmed 
by  other  observers,  as  Goldschmidt '  in  1887,  and  Netter  «  in  1889.  Up 
till  this  time  It  was  made  clear  that  two  difierent  organisms,  the  diplo- 
coccus of  VVeichselbaum  and  the  pneumococcus  of  Friedlander,  were 
FfP^'?^^,^*  giving  rise  to  meningeal  afiections  which  exhibited  markedly 
Identical  clinical  symptoms.    By  reason  of  this,  a  controversy  arose  as 
to  the  exact  character  of  the  organism  causative  of  cerebro-spinal  menin- 
gitis, namely,  as  to  whether  the  two  organisms  were  the  same,  or  the 
organism  described  by  Weichselbaum  was  merely  a  phase  of  the  pneu- 
mococcus or  whether  they  were  different  organisms.    Many  were 
inclined  to  support,  and  some  did  support  in  writing,  the  view  that  the 
termer  was  merely  a  variety  of  the  pneumococcus,  while,  on  the  other 
hand,  others  as  strongly  urged  the  view  that  the  former  was  a  distinct  and 
separate  orgamsm,  and  that  it  was  the  specific  causal  agent  in  epidemic 
cerebro-spinal  meningitis.    The  evidence  of  later  years  has  gone  far  to 
substantiate  the  correctness  of  the  latter  view,  and  few,  perhaps,  have 
supported  It  more  strongly  than  Jaeger  «  and  Councilman,  Mallory  and 

f  ^  .  '^'^       ^^""^^^^  Massachusetts  State  Board 

ot  Health  and  many  others.  The  disease  was  reproduced  clinically 
and  pathologically  in  goats  by  Huebner,  who  injected  sub-durally  into 
these  animals  pure  cultures  of  the  meningococcus  obtained  from  human 
cases  of  the  disease,  and  a  like  result  was  produced  by  the  reporters  to 
the  Massachusetts  Board  in  a  goat  by  injection  of  the  diplococci  of 
U  eichselbaum  into  the  spmal  canal  of  the  animal.  Inoculation  of  the 
orgamsm  into  the  peritoneal  cavity  of  mice  invariablv  causes  death 
^v  lthln  48  hours,  post-mortem  examination  revealing  peritonitis  with  a 
^la.ry  exudate,  the  leucocytes  of  which  are  full  of^the  organism  both 
intra-cellular  and  extra-cellular. 

fh.  fl'!,!^  Hunter  10  j^ade  bacteriological  examinations  of 

the  fluid  obtained  by  lumbar  puncture  from  nine  cases  of  meningitis  in 

nnii''"f  fl    1     "  """"VT  They  declared  that  the  true 

nature  of  the  disease,  whether  tubercular  or  other,  could  not  be  diagnosed 
om  the  clinical  syniptoms  alone.    In  each  of  the  cases  examined,  a 
diplococcus  was  found  in  the  spinal  fluid,  was  isolated,  and  was  proved  to 

;  Oaz.  mid.de  Pam,  1881.  .  Zeit.  f.  Bin.  Med.,  1883. 

au>rn.d.  Soc  f  yene,  1883.  ^  Qaz.  d.  Oaped.,  1884. 

_  DM    med  Wock.,  1886.  «  Forlschritte  dor  Medicin,  1887. 

;  C^n  ralb.  .  Bakt    1887.  «  La  France  mMicale,  1887. 

ZeU.  I.  Hygiene,  1895.  lo  bMJ.,  vol.  ii.,  1901,  p.  784. 
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have  the  following  cliaracters : — (1)  Microscopic  Appearances:  Cocci 
in  pairs,  tetrads,  or  short  chains  variable  in  size  especially  in  cultures, 
but  the  cocci  in  pairs  were  coffee-beau-like  in  form ;  (2)  Stain  character- 
istics :  The  organism  stained  well  with  methylene  blue,  fuchsin,  and 
other  ordinary  stains,  and  gave  indefinite  and  unreliable  results  with 
Gram-Weigert  stain,  and  with  the  Claudius  modification  of  the  same. 
In  the  minority  of  cases  decolorisation  took  place,  but  in  the  majority, 
the  stain  was  retained.  St  Clair  Symmers  and  Wilson  ^  examined  during 
the  Belfast  epidemic  the  lumbar  spinal  fluid  in  31  living  cases,  and  in 
27  of  these  the  meningococcus  of  Weichselbaum  was  obtained  by 
culture,  and  of  37  further  cases  after  death,  with  a  like  result  in  22  of 
these,  the  remaining  15  cases  giving  cocci  which  were  Gram-positive. 
In  six  additional  cases  in  which  post-mortem  section  was  made,  the 
organism  was  found  in  the  spinal  fluid  or  in  the  pus  of  five.  Thus  they 
had  examined  in  all  75  cases  with  positive  results  in  52,  in  which  the 
organism  was  cultivated  artificially.  The  cultural  characteristics  of  the 
organism  thus  isolated  were  these  :  Colonies  were  smooth  circular  discs, 
having  a  smooth  regular  contour,  and  a  peculiar  translucent  grey  colour  ; 
are  only  slightly  raised  above  the  surface  of  the  medium  ;  vary  in  siM 
from  pin-point  to  discs  of  5  /x  in  diameter  after  48  hours'  growth ; 
and  are  usually  discrete.  Microscopically,  they  are  cocci  indistinguish- 
able in  shape  and  size  from  gonococci,  although  some  are  smaller,  but 
commonly  they  present  the  characteristic  flattened  apposed  surfaces. 
Tinctbrially,  the  organism  was  Granl-negative,  on  using  Czaplewsky's 
modification  of  the  Gram  stain,  viz.  :  two  minutes  in  carbol- gentian 
violet,  one  minute  in  Lugol's  solution,  wash  thoroughly  in  absolute 
alcohol,  dry  the  film,  apply  aqueous  fuchsin  for  about  two  seconds  to 
half  the  area  of  the  dry  film,  wash  quickly  in  water,  dry,  and  mount. 
Culturally,  the  organism  does  not  grow  at  20^"  C.-22"  C.  Media  containing 
dextrose  and  maltose  are  fermented  with  production  of  acid,  while  those 
containing  galactose  and  saccharose  are  unchanged.  They  found  the 
most  satisfactory  solid  medium  for  growing  the  organism  to  be  one 
composed  of  one  part  of  raw  ascitic  fluid  and  two  parts  of  3  per  cent,  agar, 
this  being  prepared  by  allowing  the  melted  agar  to  cool  to  55°  C,  then  to 
add  the  ascitic  fluid  of  the  like  temperature,  pour  into  tiibes  as  slants 
and  incubate  for  24  hours  to  sterilise.  They  found  that  the  organism 
would  live  in  this  medium  for  7-12  days.  At  the  same  time,  they  foiuid 
that  the  organism  lived  longer  in  a  fluid  medium  composed  of  bouillou 
with  three  parts  of  added  raw  ascitic  fluid,  to  which  glucose  or  mnltose 
might  be  added.  It  also  grows  at  37°  C.  on  gelatin  to  which  ascitic 
fluid  is  added.  Indol  is  produced  in  ascitic  bouillon.  Cultures  from 
pus  are  best  made  by  inoculating  the  solid  medium  in  a  Petri  plate,  and 
also  from  spinal  fluid,  the  plates  being  then  incubated  for  twenty-four 
hours,  and  sub-cultures  taken  from  the  colonies  developed.  It  ought  to 
be  added  that  the  meningococcus  has  also  been  found  in  the  blood  of 
patients.  Their  conclusions  were  (1)  that  the  organism  is  Gram- 
negative,  (2)  docs  not  peptonise  gelatin,  (3)  produces  indol,  (4)  forms 
acid  in  glucose  and  maltose  media,  but  not  in  galactose,  and  (5)  does 
not  produce  gas. 

One  of  the  most  valuable  inquiries  into  the  differentiation  of  the 
1  B.M.J. ,  vol.  ).,  1907,  p.  1477. 
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coccal  organisms  found  in  saliva,  and  the  distinctive  characters  of  the 
meningococcus,  is  that  contained  in  a  report  to  the  English  Local  Govern- 
ment Board  in  1907  by  Dr  M.  H.  Gordon.    Gordon's  method  of  identi- 
fymg  the  memngococcus  is  as  follows  :   a  lemco  broth  medium  with 
some  added  raw  ascitic  fluid,  tinted  with  litmus,  and  containing  one  or 
other  of  various  sugars  is  prepared,  and  observation  is  made  regarding 
the  production  or  non-production  of  acid.    He  states  that  the  meningo- 
coccus produces  acid-reaction  with  glucose,  galactose,  and  maltose,  but 
not  with  saccharose,  while  the  Micrococcus  catarrhalis  exhibits  no  such 
reaction  with  all  four  ;  the  gonococcus  gives  positive  acid  reaction  with 
glucose  and  galactose,  but  negative  with  maltose  and  saccharose.  He 
has  also  given  special  attention  to  the  differentiation  of  the  meningo- 
coccus from  other  Gram-negafcive  cocci  found  in  normal  saliva.    Of  127 
examples  of  cocci  found  in  saliva,  no  fewer  than  1 14  were  distinguishable 
fi-om  the  meningococcus  by  their  sugar-reactions  ;  80  gave  a  positive 
reaction  with  saccharose,  54  a  negative  reaction  with  galactose,  and  9 
a  negative  reaction  with  glucose.    Of  13  of  the  Gram-negative  cocci 
which  gavehke  sugar-reactions  to  the  meningococcus  in  respect  of  glucose, 
galactose,  and  maltose,  7  also  gave  a  positive  acid-reaction  with  mannose, 
in  which  the  meningococcus  proves  negative.    The  chief  distinctive 
feature,  however,  which  differentiates  these  from  the  meningococcus  is 
that  they  grow  freely  on  "  nasgar,"  that  is,  Wassermann's  nutrose  ascitic 
agar-medium,  at  23°  C.-25°  C,  while  the  meningococcus  does  not  grow 
m  that  medium  at  that  temperature,  although  control  cultures  grew 
well  at  37°  C.    Gordon  does  not  rank  as  very  high  the  value  of  the  agglu- 
tmative  test ;  in  fact,  he  does  not  recommend  it  as  a  means  of  differentia- 
tion. 

In  differentiating  the  memngococcus  from  other  coccal  organisms 
found  In  the  naso-pharynx,  Buchanan  used  the  following  medium 

Ox  blood  serum  —three  parts. 

Bouillon  —one  part. 

Crlucose  — one  per  cent. 

Neutral  red  (as  indicator)— 0-5  in  10,000  parts. 

After  mixture,  the  medium  is  put  into  Petri  plates,  and  is  solidified  by 
gradually  raising  the  temperature  of  the  medium.    It  is  sterilised  by 
being  heated  for  two  hours  daily  on  three  successive  davs.    The  surface 
of  this  medium  is  inoculated  by  the  material  from  the  swab     After  12 
to  18  hours'  incubation  at  37°  C,  a  mixed  growth  of  organisms  takes- 
place.    Ihe  meningococcus  grows  rapidly,  and  shows  its  presence  in 
the  form  of  pmkish-coloured,  round,  smooth,  moist,  shining,  and  slightly- 
elevated  colonies.    The  pinkish  colour  is  due  to  the  production  of  acid 
Ihe  colonies  of  the  M.  catarrhalis  are  not  coloured  because  that  organism 
does  not  produce  acid.    The  organisms  in  the  pink  colonies,  when  exam- 
ined microscopically,  are  found  to  consist  of  cocci  in  pairs,  resemblint^  the 
gonococcus.    In  each  pair  the  point  of  apposition  shows  flattened  or 
concave  surfaces,  thus  causing  the  cocci  to  have  a  coffee-bean-like 
appearance.    T  hose  are  best  observed  after  they  have  been  stained  with 
1  :  10  carbol-fuchsin.    The  best  confirmatory  tests  in  sub-cultures  are, 
according  to  Buchanan,  the  following  :  in  glucose  and  maltone  neutral- 
red  blood  scrum  and  bouillon,  the  meningococcus  produces  acid-reaction 
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imparts  fluorescent  coloration  to  water  of  condensation,  and  gives  a 
yellow  deposit  therein  of  tlie  growth,  not  unlike  pus  in  appearance,  after 
]  8  hours'  incubation  ;  while  in  galactose  and  saccharose  media,  although 
the  organism  grows  freely,  no  apparent  acid-change  seems  to  take  place. 

Treatment. — Oi'dinary  treatment  does  not  seem  to  produce  much 
effect  on  the  progress  of  cases.  In  the  outbreak  in  Vienna,  the  treat- 
ment most  relied  on  was  hot  baths.  Various  drugs  have  been  recom- 
mended, but  their  virtue  is  very  doubtful.  Lumbar  puncture  and 
withdrawal  of  small  amoitnts  of  spinal  fluid  does,  undoubtedly,  for  a 
time  at  least,  relieve  intra-spinal  and  intra-cranial  tension,  and  seems  to 
ameliorate  the  symptoms.  This  operation,  repeated  on  several  occasions, 
has  been  followed  by  significant  relief.  By  reason,  however,  of  the 
apparent  valuelessness  of  ordinary  treatment,  attention  was  quickly 
drawn  toward  the  possible  value  of  antiserum-treatment.  Not  a  few 
anti-sera  have  been  prepared,  and  the  curative  potency  of  most  of  them 
has  been  tried  with  conflicting  results.  Some  of  these  are  known  by 
the  names  of  KoUe  and  Wassermann,  Euppel,  Burroughs  &  Wellcome, 
Jochmann,  Flexner  and  Jobling  ;  and  there  are  others.  Currie  and 
M'Gregor  ^  reported  on  their  experience  of  serum-treatment  in  one  of  the 
Glasgow  Hospitals  to  the  following  efiect  : — (1)  that,  on  the  clinical 
side,  no  obvious  or  constant  train  of  events  followed  the  injection  of 
serum;  (2)  that,  on  the  statistical  side,  the  case-mortalit)^  was  not 
curtailed,  and  there  was  no  increase  in  the  number  of  patients  who  sur- 
vived the  first  ten  days  ;  (3)  when,  however,  serum-treated  simdvors 
of  the  first  ten  days  were  compared  with  untreated  survivors  relative 
to  case-mortality,  it  was  found  that  the  treated  cases  recovered  in  greater 
numbers  ;  and  (4)  the  difference  between  the  percentages  of  these  two 
respective  groups  warranted  the  implication  that  serum-treated  cases 
which  survived  the  first  ten  days  of  illness  had  a  better  chance  of  life. 
In  this  series  of  cases,  the  method  of  injection  employed  was  into  the 
theca  of  the  spinal  cord  after  withdrawal  of  some  cerebro-spinal  fluid, 
but  when  injections  were  repeated  frequently,  or  were  relatively  large 
in  quantity,  they  were  made  into  the  subcutaneous  tissues.  It  is  to  be 
noted,  however,  that  the  antisera  at  the  disposal  of  these  observers 
were  not  of  so  high  specific  value  as,  for  example,  the  later  antiserum  of 
Flexner  and  Jobhng.  Flexner,^  in  the  earlier  stage  of  his  preparation 
of  an  antiserum,  employed  rabbits,  goats,  and  large  monkeys,  but  in 
the  later  stage,  the  horse  was  employed.  He  found  the  rabbit  to  be  a 
•poor  animal  for  the  purpose,  the  goat  to  be  fairly  satisfactory,  but  the 
horse  most  satisfactory  of  all.  Gardner  Eobb  ^  has  also  reported  on  his 
experience  of  antiserum-treatment  in  the  Belfast  Hospital.  Up  till 
the  end  of  May  1907,  of  230  cases  under  his  charge,  the  mortality  was 
70-4  per  cent.  By  the  end  of  August,  the  number  had  risen  to  275, 
with  a  mortality  of  72-3  per  cent.  Of  the  230  cases,  79  were  treated 
with  the  antiserum  of  Kolle  and  Wassermann,  of  Ruppel,  or  of 
Burroughs  .&  Wellcome,  but  of  these  79  the  mortality  was  at  the  rate 
of  74  per  cent.  The  results  from  this  treatment  being  no  better  than 
those  from  ordinary  treatment,  it  was  discontinued.    About  the  end 

1  Lancet,  Oct.  10,  15)08. 

2  B.M.J. ,  vol.  ii.,  l<JO(i,  p.  1023. 

3  Ibid.,  vol.  i.,  1908,  p.  382. 
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of  August  the  antiserum  of  Flexner  and  Jobling,  prepared  from  a  horse, 
was  placed  at  his  disposal,  and  32  cases  were  treated  with  it.  The  re- 
sults in  30  of  these  were  that  8,  or  at  the  rate  of  26-6  per  cent.,  died,  while 
the  moi-tality  of  cases  not  in  hospital,  but  treated  in  the  city  and  without 
this  antiserum,  was  80  per  cent.  So  far  as  these  results  go,  they  are 
most  satisfactory,  even  allowing  for  the  paucity  of  number  treated. 
The  amount  of  this  antiserum  employed  varied  in  different  cases  from 
30  c.c.  up  to  210  c.c,  the  method  of  injection  being  as  alreadv  described. 
Robb  mchnes,  from  his  experience,  to  the  view  that  30  c.c.,  or  even 
larger  doses,  ought  to  be  injected  daily  for  three  successive  days.  It 
would  appear  that  the  key  to  probable  success  in  combating  this  most 
fatal  disease  lies,  therefore,  in  the  direction  of  antiserum-treatment. 
Whether  such  treatment  is  to  attain  any  large  measure  of  success  remains 
for  the  future  to  determine,  but  if  it  can  prevent  the  terrible  calamity, 
m  the  form  of  complete  bUndness  or  loss  of  hearing,  which  has  befallen 
some  of  the  victims  who  have  recovered,  it  will  have  achieved  much. 

Tetanus.    This  is  due  to  the  B.  tetani  of  Nicolaier,  which  is  an  anae- 
robic orgamsm.    It  measures  from  1     to  2  /x  in  length,  and  by  reason 
of  Its  producing  a  spore  only  at  one  end  is  sometimes  called  the  drum- 
stick-shaped bacillus.    It  is  a  motile  organism.    It  grows  in  anaerobic 
cultui-e  m  glucose-gelatine  media,  and  in  the  depth  of  a  long  stab  culture 
of  blood-serum  or  nutrient  gelatine.    The  spores  or  organisms  usually 
g;ain  entrance  to  the  body  of  a  person  through  some  wounded  surface 
the   spores  developing  into  full-grown  organisms  under  anaerobic 
conditions  at  the  place  of  inoculation.    There,  during  their  growth 
and  multiphcation,  they  develop  a  ptomaine  or  ptomaines  which 
on  being  absorbed  into  the  body  produce  the  characteristic  tetanic 
convulsive  symptoms.  From  pure  cultivations  of  the  organism,  Brieger  i 
has  been  able  to  isolate  difierent  ptomaines,  to  which  he  has  given  the 
names  of  tetamne,  tetanotoxine  and  spasmotoxine,    The  first  gives  rise 
to  tetanus  m  animals,  the  second  causes  tremors  and  paralysis,  succeeded 
by  convulsions,  and  the  third,  tonic  and  clonic  convulsions.    The  spores 
are  mainly  found  in  soils,  but  may  also  be  found  in  other  substances, 
^or  example  they  exist  m  jate,  doubtless  due  to  soil-contamination. 
Between  1890  and  1899,  eleven  fatal  cases  occurred  in  Dundee,  five  of 
those  attacked  being  workers  in  jute-mills,  and  three  being  children  of 
workers  in  yarn-mills.    Two  cases  occurred  in  1899.^    The  spores  have 
a.so  been  found  in  gelatine.^    We  know  of  at  least  three  cases  which  arose 
after  the  use  of  surgical  catgut,  in  which  spores  of  the  organism  were 
found.    Tetanus  was  also  the  result  of  injection  of  anti-diphtheritic 
serum  in  Italy  in  1900  twelve  persons  having  died,  and  several  others 
having  been  dangerously  ill.    The  serum  was  found  to  contain  tetanus 
bacilli,  the  source  of  which  was  never  positively  discovered.    The  toxin 
of  the  disease  may  be  extracted  from  the  liver  and  other  solid  viscera 
ot  victims  of  the  disease  by  the  use  of  pure  glycerine  * 
A    'I'^J^,  disease  is  most  refractory  to  treat,  and  has  a  high  mortality. 
Anti-tetanic  serum  has  been  used  in  several  cases  with  successful  pxid 

»  Virchow'aArchiv,  vol  cxii,  p.  5i();  vol.  cxv.  p  484 
2  B.M.J.,  vol.  ii.,  1900,  p.  377. 
'  Tuck,  Jour.  Path.,  1903. 
"  Waring,  B.M.J.,  vol.  i.,  1902,  p.  9G5. 
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unsuccessful  results.  Baccelli  treats  cases  with  hypodermic  injections 
of  a  2  per  cent,  solution  of  carbolic  acid  in  increasing  doses  and  frequency. 
The  dose  administered  in  the  first  twenty-four  hours  is  3  grains  of  the 
acid,  or  150  minims  of  the  above  solution,  and  is  then  rapidly  doubled 
or  trebled  in  amount,  depending  on  the  progress  of  symptoms.  His  re- 
sults have  been  declared  to  be  remarkably  good.^ 

Malaria.  This  polymorphic  disease  prevails  very  extensively  through- 
out the  world  ;  indeed,  it  is  known  in  both  hemispheres,  and  in  all  con- 
tinents. At  the  same  time,  it  may  be  said  to  be  limited  in  geographical 
distribution  to  a  belt  which  runs  round  the  globe  between  the  fourth 
isothermal  line  north,  and  the  sixteenth  line  south  of  the  equator. 
Within  the  above  area,  its  incidence  depends  upon  the  presence  of 
rivers  or  stationary  masses  of  water ;  thus,  it  is  found  to  be  endemic 
around  low-lying,  marshy  grounds,  in  river-deltas,  around  lakes,  and, 
indeed,  wherever  water  is  apt  to  lie  upon  the  ground-surface.  On  the 
continent  of  Europe,  it  prevails  in  France,  in  the  valleys  of  the  Loire, 
its  tributaries,  and  in  those  of  the  Rhone  ;  in  Germany,  in  those  of  the 
Rhine,  Elbe,  and  other  rivers,  and  along  the  Baltic  coast-line  ;  in 
Russia,  along  the  course  of  the  Volga,  and  on  the  banks  of  the  Caspian 
Sea.  It  is  found  in  nearly  every  province  of  Holland,  in  some  parts  of 
Belgium,  Switzerland,  in  Sweden  around  Lake  Wener.  in  Austria  along 
the  banks  of  the  Danube  ;  around  the  Black  Sea  ;  extensively  in 
Southern  Italy ;  and  around  the  whole  coast  of  the  Mediterranean.  It 
afiects  Southern  Asia,  includes  the  East  Indies,  but  seems  to  be  less 
prevalent  in  Japan.  It  is  found  in  Northern  Australia,  many  of  the 
islands  of  the  Pacific,  but  does  not  prevail  in  New  Zealand  or  Tasmania. 
It  is  very  prevalent  in  America  along  the  Atlantic  seaboard,  around 
the  great  Canadian  Lakes,  and  in  New  England,  and  it  operates  most 
harmfully  on  the  populations  of  Southern  American  States,  as  Cuba, 
Mexico,  and  others.  It  is  very  virulent  in  all  parts  of  Africa,  except, 
perhaps,  the  extreme  south.  In  England,  it  used  to  prevail  in  the  fen- 
districts  of  Norfolk,  Cambridge,  Somerset,  Kent,  and  others,  and  in 
Scotland,  in  the  Carse  of  Cowrie  and  the  valleys  and  courses  of  the 
larger  rivers.  It  does  not  appear  to  have  ever  been  present  to  any 
extent  in  Ireland.  It  does  not  exist  in  endemic  form  in  any  part  of 
Great  Britain  at  the  present  day.  Since  the  time  of  Hippocrates,  who 
was  familiar  with  its  clinical  characters,  many  theories  as  to  its  priine 
cause  have  been  promulgated.  Known  to  be  intimately  associated  in 
some  way  with  stagnant  marshy  waters,  it  was  believed  in  some  way  to 
be  due  to  conditions  of  soil.  "  Later  views,  however,  associated  the 
cause  with  infusoria,  poison  secreted  by  marsh  animalcules,  cells  of 
water-plants,  etc.,  until,  in  1879,  Klebs  and  Tommasi-Crudelli  attributed 
it  to  a  microbe,  to  which  they  gave  the  name  of  B.  malaruv.  In  Novem- 
ber, 1880,  Laveran,  a  French  surgeon  in  Algiers,  when  making  micro- 
scopic examination  of  the  blood  of  a  soldier  who  was  suffering  from 
asme,  discovered  the  presence  of  bodies  with  which  hitherto  he  was 
unacquainted.  By  further  examination  and  observation  he  arrived  at 
the  opinion  that  these  might  be  the  cause  of  the  disease.  The  signi- 
ficance of  Laveran's  corpuscles,  however,  was  not  appreciated  at  the 
time,  nor  indeed  for  some  time  afterwards.  It  was  not  tUl  1895  that 
1  Brit.  Physician,  Sept.  15,  1899,  p.  75. 
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further  progress  in  the  solution  of  the  cause  was  made.    Manson,  doubt- 
less prompted  by  his  discovery  of  the  propagation  of  Filariasis  by  means 
of  the  mosquito,  suggested  to  Ross,  an  Indian  army  surgeon  then  about 
to  proceed  to  India,  a  line  of  research  in  this  direction.    For  two  and  a 
half  years  Ross  examined  many  mosquitos  without  any  reward,  but  at 
the  end  of  this  time  at  Sigur  Ghat,  near  Ootacamund,  he  noted  for  the 
first  time  a  mosquito  which  had  spotted  wings.    Capturing  eight  of 
thena,  he  set  them  to  feed  on  the  blood  of  a  malarious  patient,  and  at 
varying  intervals  of  time  thereafter,  he  dissected  their  bodies  and  ex- 
ammed  them  microscopically.    The  first  six  showed  negative  results. 
In  the  seventh,  however,  he  observed  some  unusual  cells  on  the  outer 
wall  of  the  stomach,  which  contained  granules  of  melanin — the  black 
colouring  matter  of  the  blood  ;  in  the  eighth,  he  found  like  cells  in  the 
same  position,  but  larger.    At  this  stage,  however,  his  malarial  investi- 
gations were  terminated  by  reason  of  the  outbreak  of  plague  in  other 
parts  of  India,  which  required  his  services.    During  this  time,  how- 
ever, in  his  spare  moments,  he  worked  at  the  life-history  of  similar 
organisms  in  the  blood  of  birds.    The  following  is  a  summary  of  Ross's 
discoveries  in  birds  :  When  he  fed  mosquitos  on  the  blood  of  birds 
containing  this  hsematozoon— called  by  Labbe  kaUendium-—he  found 
m  the  stomachs  of  the  insects  the  pigmented  cellular  bodies  which  he 
had  seen  in  mosquitos  that  had  been  fed  upon  human  malarial  blood, 
but  if  the  blood  of  birds  contained  no  hsematozoon,  no  such  bodies  were' 
found  in  the  mosquito.    He  noted  the  gradual  development  of  those 
pigmented  cellular  bodies  on  the  outer  surface  of  the  stomach-wall, 
where  they  formed  wart-like  projections  to  which  he  gave  the  name  of 
proteosoma-coccidia,—Mt  which  may  more  properly  be  called  zijgotes,— 
until  they  matured  and  ruptured,"  throwing  large  numbers  of  small 
falciform  bodies  into  the  body-cavity  of  the  insect.    He  further  watched 
the  progress  of  these  bodies— called  by  him  germinal  ro(Zs— towards 
the  veneno-salivary  glands,  ducts,  and  proboscis  of  the  insect,  and  thus 
established  the  cycle  of  development  of  the  avian  parasite  within  the 
rnosquito.    The  Italian  observers,  Grassi,  Bastianelli,  Bignami,  Celli, 
Golgi,  and  others  took  up  the  work  at  this  stage,  and  continued  it! 
The  combmed  observations  of  these  men,  of  Koch,  and  many  others 
have  practically  completed  the  life-history  of  the  blood-parasites  of 
malaria.    While  similar  parasites  attack  birds,  cattle,  monkeys,  and 
frogs.  It  is  now  well  established  that  three  different  species  of  heematozoa 
live  in  the  blood  of  man,  corresponding  to  the  three  main  forms  of 
malarial  fever,  viz.  :   the  tertian,  quartan,  and  testivo- autumnal  or 
pernicious  types.    To  the  haematozoon  of  the  first,  Ross  has  given  the 
name  Hcumamoeba  vivax  ;  to  that  of  the  second,  Hwmamceba  malarire ; 
and  to  that  of  the  third,  Hcemomenas  prcecox.    These  belong  to  the 
Protozoa,  order  Sporozoa,  the  characters  of  which  are  as  follows,  viz.  : 

(1)  they  are  parasites,  and  are  represented  by  true  cellular  elements; 

(2)  the  cells  consist  of  protoplasm,  a  nucleus,  and  a  nucleolus  or  karyo- 
soma  ;  (3)  the  cells  are  true  endocellular  parasites  or  cytophages  ;  (4) 
they  possess  a  free  amoeboid  phase  of  existence  ;  (5)  they  multiply  by 
spores.  The  Sporozoa  embrace  the  following  sub-orders  :  (a)  Micro- 
spondia,  of  which  the  corpuscles  of  Cornalia  in  silkworm  disease  may 
be  taken  as  a  type  ;  (6)  Sarcosporidia,  of  which  Miescher's  corpuscles 
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found  in  the  muscle  of  frog,  sheep,  pig,  and  ox  are  examples ;  and  (c) 
Coccidia,  wlilcli  give  rise  to  infections  in  rabbit,  cat,  mouse,  ox,  and 
man.  In  1882,  Pfeiffer  found  that  in  the  development  of  the  cocci- 
dium  there  was  alternation  of  generation,  a  phase  in  one  animal  in  which 
the  parasite  is  endogenous  and  asporular,  and  another,  in  a  second 
animal,  in  which  it  is  exogenous  and  sporular.  In  1887,  Metschnikoff 
affirmed  the  view  that  the  malarial  parasite  was  related  to  the  coccidium. 
The  life-story  of  the  malarial  parasites  is  as  follows  :  the  organism — 
an  amosba — called  an  amoebula,  enters  a  human  red  blood-corpuscle, 
begins  to  grow  rapidly  at  the  expense  of  the  coi-puscular  contents,  and 
assimilates  the  haemoglobin  which  it  converts  into  melanin,  until  it 
finally  monopolises  the  corpuscular  body.  At  this  stage  one  of  two 
things  happens,  viz.  :  either  the  amoebulse  become  gametocytes,  that  is, 
uniting  cells,  or  they  become  sporocytes,  or  spore-bearing  cells.  In  the 
latter  case,  the  nucleus  of  the  amoebula  subdivides  into  a  number  of 
smaller  nuclei  round  each  of  which  protoplasm  forms,  each  to  become 
a  spore.  When  this  process  is  complete,  the  corpuscular  wall  ruptures, 
and  the  spores  and  melanin-granules  are  shed  into  the  blood-stream, 
the  former  to  re-attack  fresh  corpuscles  as  amoebulse,  the  latter  to  be 
absorbed  by  the  leucocytes,  and  to  be  borne  to  such  internal  organs  as 
spleen,  liver,  brain,  etc.,  where  the  pigment  is  deposited.  In  this  way 
the  process  goes  on  repeating  itself.  It  was  not  until  1885  that  Golgi 
— an  Italian  observer — described  this  phenomenon  of  sporulation, 
showed  that  the -spore -distribution  in  the  blood-stream  was  contem- 
poraneous with  the  attacks  of  fever,  and  further  pointed  out  that  at 
this  stage  the  exhibition  of  quinine  was  likely  to  be  most  efiective.  In 
the  tertian  type — usually  the  most  common — the  H.  vivax  passes 
through  the  above  stages  in  man  in  48  hours,  and  thus  the  outbreaks  of 
fever  appear  every  second  day,  or  the  third  day  if  the  day  of  the  former 
attack  is  reckoned  as  the  first ;  in  the  quartan  t}^e,  the  parasite  sporu- 
lates  in  72  hours,  the  attack  recurs  every  third  day,  or  fourth  day  if 
reckoned  as  above.  It  sometimes  happens,  however,  that  two  crops 
of  parasites  in  the  tertian  type  come  to  maturity  on  alternate  days, 
hence  the  attack  occurs  daily,  and  is  then  designated  as  quotidian  fever. 
In  the  sestivo- autumnal  or  pernicious  type,  the  symptoms  are  markedly 
different  from  the  others,  and  do  not  exhibit  the  same  periodicity — 
although  the  parasite  matures  every  48  hours.  The  foregoing,  there- 
fore, represents  the  endogenous  phase  of  existence  of  the  malarial 
parasite.  The  other  form  of  cell  is  the  ganietocyte.  If  such  cells  be 
removed  in  the  blood-corpuscles  from  a  patient  and  placed  on  a  warmed 
slide,  it  may  be  observed  that  certain  of  them  throw  off  filiform  bodies. 
This  phenomenon,  however,  does  not  take  place  within  the  body  of  man. 
In  1897,  M'Callum  of  Baltimore  showed  from  his  investigations  that  there 
were  two  kinds  of  gametocytes,  viz.  (a)  those  which  produced  the 
fihform  bodies — ^the  male  gametocytes  or  microgaimtocyles, — and  (6) 
those  which  do  not  undergo  any  such  change — the  female  gametocjiies, 
or  macrogametocytes.  As  soon  as  malarious  blood  is  sucked  into  the 
stomach  of  the  mosquito,  the  microgametocyte  bursts,  the  filiform 
bodies  or  spermoids  are  liberated,  enter  the  macrogametocytes  and 
fertilise  them,  and  from  the  union  new  bodies  are  formed  which  indi- 
vidually are  called  a  zygote.    In  the  stomach  of  the  mosquito,  then,  the 
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zygote  travels  to  the  walls  of  the  organ,  pierces  the  inner  coats,  and  as 
soon  as  it  reaches  the  muscular  coat  begins  to  grow,  so  that  at  about 
the  end  of  a  week  it  is  about  500  times  its  original  size.  If  the  zygote 
be  now  microscopically  examined,  it  Avill  be  found  divided  up  into  eight 
or  ten  actiniform  bodies  called  meres,  from  the  periphery  of  which  a 
large  number  of  filiform  bodies  or  blasts  are  formed.  As  the  zygote 
matures,  it  increases  in  size,  until  it  finally  bursts  and  its  contents  are 
thrown  of?  into  the  body-cavity  of  the  insect — that  is,  into  the  space 
between  the  stomach-wall  and  the  body-wall.  These  blasts  make  their 
way — whether  by  their  own  motile  power  or  not  is  not  yet  known — into 
the  cells  of  the  veneno-salivary  glands,  thence  into  the  salivary  ducts, 
then  into  the  biting  parts  of  the  insect,  so  that  when  the  insect  bites  a 
human  being  they  enter  into  the  blood-stream.  The  following  diagram 
shows  the  two  phases  of  the  life-history  of  the  parasite  : — 
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It  next  remained  to  discover  whether  all  mosquitos  "were  capable  of 
acting  as  definitive  host  to  the  malarial  parasites.  To  this  point  much 
research  has  been  given,  and,  so  far  as  has  been  ascertained,  it  seems 
well  established  that  only  certain  insects  of  the  genera  Anopheles  and 
Culicidce  are  so  capable,  and  that  if  the  malarial  parasites  are  taken 
into  the  bodies  of  other  insects  of  these  classes,  they  are  either  digested 
or  are  disintegrated,  as  they  certainly  do  not  undergo  development. 
The  insects  of  the  genus  Anofheles  which  have  been  proved  to  act  as 
definite  hosts  of  the  human  parasite  are  the  Anofheles  macuUpennis, 
which  is  called  by  the  Italians  A.  claviger  (Fabricius),  by  Americans  A. 
quadritnaculalus,  and  in  Africa  the  Anopheles  funestus.^  The  descriptive 
names  of  the  first  three  owe  their  origin  to  the  presence  of  four  dark 
spots  upon  the  wings,  which  are  most  conspicuous  in  the  female  insect. 


»  B.M.J. ,  vol.  i.,  1901,  p.  193. 
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Culex  pipiens  of  the  genus  Culicidce  is  the  insect  by  which,  so  far  as  is 
known,  the  parasite  of  birds  is  transmitted  and  matured.  Experiments 
have  demonstrated  that  this  insect  fails  to  carry  the  human  parasite, 
and  A.  niaculipennis,  the  avian  parasite. 

In  order  to  demonstrate  the  correctness  of  the  above  views,  observers 
have  submitted  themselves  to  experiments.  Insects  which  were  fed  on 
the  blood  of  a  person  suffering  from  pure  benign  tei-tian  ague  in  Rome 
were  transmitted  under  suitable  precautions  to  London,  and  were  there 
suffered  to  bite  and  feed  upon  the  blood  of  persons  free  of  malarial 
infection,  with  the  result  that  the  persons  experimented  upon  were 
attacked  by  the  same  disease,  as  proved  not  only  by  the  clinical 
symptoms,  but  by  the  discovery  of  the  parasite  in  their  blood. ^  Fearn- 
side  of  the  Indian  Medical  Service  suffered  himself  to  be  bitten  by 
mosquitos  which  were  fed  on  the  blood  of  a  person  known  to  be  affected 
with  spring  tertian  fever,  and  was  seized  with  the  disease  in  due 
course,  the  haemamcebse  being  found  in  his  blood.^ 

Prevention  of  Malaria. — This  can  only  be  attained  by  the  adoption 
of  various  preventive  measures,  which  are  included  in  the  following — 
viz.  (1)  Attack  upon  the  breeding-grounds  of  the  mosquitos  involved  ; 
(2)  The  use  of  mosquito-proof  dwellings  ;  (3)  The  liberal  preventive 
and  curative  use  of  quinine. 

I.  Attach  upon  Mosquito  Breeding-Grounds. — The  Anopheles  macidi- 
pennis  and  Culex  pipiens  deposit  their  eggs  in  water  which  is  either 
slightly  moving  or  is  stagnant.  The  former  prefers  clear  moving  water. 
The  latter  is  not  so  particular,  as  any  stagnant  puddle  of  water  or  water 
retained  in  vessels  will  suffice.  The  first  remedy  must,  therefore,  consist 
in  deep  draining  and  cultivation  of  marshy  lands,  so  that  surface  water 
may  be  prevented  from  collecting  and  may  be  enabled  to  pass  away 
by  the  underground  drains.  It  is  probably  for  this  reason  chiefly  that 
malaria  has  ceased  to  be  an  endemic  disease  in  Britain.  In  the  smaller 
towns  and  villages  of  malarious  districts  attention  must  also  first  be  paid 
to  surface-drainage,  and  water  must  not  be  allowed  to  remain  in  vessels 
during  the  mosquito  breeding-season  for  so  long  a  time  as  mil  enable  the 
eggs  to  develop  through  the  larval  and  pupal  stages  into  the  complete 
insect.  Obviously,  however,  this  measm-e  can  only  be  limitedly  applied, 
as  it  would  be  impossible  to  drain  the  borders  of  marshy  lakes ;  and  it 
would  put  an  end  to  the  rice-growing  industry.  In  such  cases,  and 
even  also  where  surface-water  is  conveyed  by  artificially-constructed 
channels  to  a  river,  some  other  measure  of  destruction  of  eggs  and  larvte 
must  be  instituted,  as,  for  example,  the  introduction  of  such  fishes  as  feed 
upon  stream  larvee  and  insects,  or  the  addition  to  the  water  of  such 
substances  as  will  destroy  the  larvse.  Erom  the  experiments  of  Celli 
and  Casagrandi  it  is  evident  that  substances  which  act  destructively 
upon  the  larvae  operate  in  one  of  two  ways,  viz.  :  either  bj'  rendering 
the  water  sufficiently  poisonous,  or  by  preventing  the  larvaj  from  breath- 
ing. During  the  larval  state  both  A.  niaculipennis  and  C.  pipiens 
breathe  by  means  of  breathing  organs  which  are  projected  just  above 
the  water-level ;  therefore  it  has  been  proposed  to  put  in  the  water  an 
oily  substance  such  as  petroleum,  which  by  forming  a  film  on  the  water- 
sui-face  prevents  their  respiratory  action.  These  observers  have  found 
^  B.M.J.,  vol.  ii.,  1900,  p.  949.    *  "  Indian  Med.  Gazette,  1901. 
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this  latter  method  efficacious  when  the  petroleum  was  present  in  the 
proportion  of  1  cubic  centimetre  to  1000  cubic  metres  of  water-surface. 
This  is  probably  the  cheapest  mode  of  destroying  the  larvae,  and  it  has 
proved  effectual  in  many  practical  trials.  Certain  of  the  aniHn  dyes 
mixed  with  water  are  also  very  destructive  to  larvae  ;  and  of  these 
gallol  and  malachite  green  have  been  found  efficient,  the  former  in  the 
proportion  of  0-0062  per  cent.,  and  the  latter,  of  0-0125  per  cent. 

II.  The  Use.  of  Mosquito-proof  Ihvellings. — Experiments  in  the  Cam- 
pagna  with  a  mosquito-proof  hut  showed  that  persons  might  live  with 
impunity  in  the  most  malarious  districts,  provided  that  they  took  the 
precaution  not  to  be  out-of-doors  after  sunset  or  before  sunrise.  This 
remedial  measure  can,  however,  have  but  a  very  limited  application. 
It  is,  at  the  same  time,  one  worthy  of  practice  by  Europeans  who  are 
compelled  temporarily  or  permanently  to  live  in  malarious  regions. 
Another  important  precaution  is  where  on  expeditions  tents  have  to  be 
put  up,  that  these  should  be  erected  at  least  600  to  800  yards  from 
native  quarters.  This  is  suggested  because  it  has  been  found  that 
mosquitos  take  refuge  during  the  day  in  the  darkened  corners  of  these 
huts,  and  because  experience  has  shown  that  the  average  mosquito 
flight  does  not  extend  that  distance,  and  that  even  in  windy  weather, 
when  the  insects  might  be  blown  for  longer  distances,  they  commonly 
seek  shelter  and  thus  do  not  reach  the  tents. 

III.  The  Use' of  Quinine.— As  a  preventive  measure  quinine  shoidd 
be  taken  periodically.  As  a  curative  measure,  its  use  is  most  effective 
during  the  paroxysms  of  fever,  since,  as  has  been  pointed  out,  it  is  then 
that  spores  are  liberated  from  the  sporocytes  into  the  blood. 

Glanders  is  mainly  a  disease  of  horses,  asses,  and  mules.  When 
it  appears  in  a  stud  it  quickly  spreads,  and  the  afiected  animals  must 
according  to  law  be  destroyed.  It  is  communicable  from  animal  to 
man  both  by  contagion  and  by  direct  inoculation.  When  the  disease 
attacks  man  it  ordinarily  ends  fatally,  as  in  the  case  of  Dr  Hoffmann 
of  Vienna  in  1889.  Another  fatal  case  occurred  in  Glasgow  in  1901, 
and  a  third  in  England  in  1889.^  Its  causal  factor  is  the  B.  mallei, 
which  is  a  rod-shaped  organism,  one  end  of  -which  is  more  thickened 
or  clubbed  than  the  other,  and  which  is  non-motile  and  non-sporular. 
It  does  not  take  the  stain  by  Gram's  method,  but  stains  well  with  Lofflers' 
methylene  -  blue  or  with  carbol  -  methylene  -  blue.  The  organisms  are 
found  in  the  discharges  from  the  nose  of  the  afiected  animal,  m  the  small 
grey  bodies  which  are  found  in  the  respiratory  passages,  and  in  the 
ulcerated  bronchial  mucous  membrane  ;  or  in  the  nodules  in  the  skin 
and  subcutaneous  tissue,  known  in  veterinary  practice  as  farcy  buds. 

That  glanders  is  not  an  uncommon  disease  in  this  country  among 
horses  is  shown  by  the  fact  that  from  1881  until  the  commencement 
of  1906,  no  fewer  than  44,943  horses  had  been  returned  as  having  died 
or  were  dying  from  the  disease,  or  on  an  average  of  about  2000  animals 
per  annum.  Glanders  has  been  a  disease  scheduled  under  the  Contagious 
Diseases  (Animals)  Act,  since  1869.  The  typical  clinical  symptoms 
in  the  horse  are  (1)  enlargement  of  submaxillary  glands,  (2)  nasal 
discharge  and  ulceration  of  mucous  membrane  of  the  narcs,  larynx, 
and,  it  may  be,  the  trachea,  (3)  enlargement  of  lymphatic  glands  and 

^  Lancet,  vol.  ii.,  1889,  p.  127. 
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vessels  with  small  tumours  under  the  skin,  called  "  farcy  buds" — ^hence 
the  designation  of  the  disease,  glanders  and  farcy — and  (4)  swelling  of  one 
or  more  of  the  limbs.  The  most  constant  lesions  found  in  the  post- 
mortem examination  of  the  bodies  of  such  animals  are  nodules  in  the 
lungs,  which,  when  microscopically  examined,  exhibit  necrotic  areas  and 
abundance  of  the  bacilli.  According  to  a  report  by  the  Veterinary 
Inspectors  of  the  London  County  Council  of  1000  such  post-mortem 
examinations,  the  lungs  in  every  case  were  so  affected,  and,  in  addition, 
in  378  of  these  cases  there  was  ulceration  of  the  nasal  mucous  membrane, 
in  179  ulceration  of  the  larynx,  and  in  201  ulceration  of  the  trachea 
Mallein  was  first  discovered  in  1890  by  a  Russian  veterinary  surgeon.  It 
has  proved  of  very  great  value  in  determining  the  existence  or  absence  of 
the  disease  in  those  cases  which  clinically  are  indeterminate  and  doubtful, 
or  in  which  the  disease  is  latent.  When  injected  into  the  body  of  such 
animals,  and  when  the  disease  is  present,  a  reaction  talces  place  which  is 
indicated  by  the  formation  of  a  swelling  at  the  seat  of  injection,  and  by 
a  characteristic  sequent  rise  of  temperature.  The  blood  of  the  animal 
thereafter  acquires  an  agglutinative  power  over  the  organism,  as  in 
Widal's  reaction.  At  one  time  it  was  supposed  that  mallein  had  some 
curative  value,  but  that  was  not  proved  to  be  well  founded. 

Mallein  is  a  vaccine  or  toxin  prepared  from  the  B.  mallei.  The  organ- 
ism is  cultivated  in  veal-broth  in  a  flask,  and  the  flask  is  placed  in  the 
autoclave  at  115°  C.  for  fifteen  minutes  to  destroy  the  bacilli.  The 
broth  is  then  filtered  through  a  Berkefeldt  filter.  The  filtrate  is  concen- 
trated to  one-fourth  its  original  bulk,  and  0-5  per  cent,  of  carbolic  acid 
may  be  added  to  preserve  it.    Of  this  1  c.c.  is  a  good  dose. 

The  disease  is  very  difficult  to  diagnose  in  the  human  subject,  and 
not  infrequently  it  is  mistaken  for  another  disease,  such  as  enteric  fever. 
Goodall  of  the  Eastern  Isolation  Hospital,  London,  has  had  two  such 
cases.  In  the  one  case  the  presence  of  intramuscular  abscesses,  which 
are  pathognomonic  of  glanders  but  are  never  found  in  enteric  fever, 
gave  the  real  clue  to  the  disease,  and  in  the  other,  the  nature  of  the  man's 
occupation  supplied  the  clue.  Other  cases  have  been  admitted  to  other 
hospitals  also  under  mistaken  diagnoses.  In  August,  1907,  the  Scottish 
Local  Government  Board  issued  a  circular  to  Medical  Oflicers  of  Health 
requesting  them  in  the  future  to  intimate  to  the  clerk  of  the  town  or 
county  as  clerk  to  the  Local  Authority  under  the  Contagious  Diseases 
(Animals)  Acts,  any  case  or  suspected  case  of  glanders,  anthrax,  and 
hydrophobia  in  man  which  came  to  their  knowledge. 

The  Board  of  Agriculture  issued  the  Glanders  and  Farcy  Order  of 
1894  in  which  the  following  regulations  were  set  down  : — (i)  that  the 
owner  of  a  glandered  animal  shall  notify  the  fact  to  a  constable  of  the 
Local  Authority,  who,  in  tuin,  shall  inform  the  inspector  to  the  Local 
Authority  under  the  Contagious  Diseases  (Animals)  Acts  ;  (2)  that  the 
inspector  shall  proceed  forthwith  to  the  place  and  there  put  in  force  the 
duties  and  powers  conferred  on  him  by  the  Order  ;  (3)  the  animal,  with 
the  consent  of  the  owner  was  to  bo  destroyed,  but  if  the  owner  objected, 
then  only  after  consent  of  the  Board ;  (4)  the  Local  Authority  was  to 
pay  compensation  to  the  owner  of  the  slaughtered  animal,  the  minimum 
amount  to  be  £2,  and  the  maximum,  one-fourth  of  the  value  of  the  animal 
before  it  became  diseased.    Article  6  of  the  Order  empowered  the  Local 
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Authority  to  make  regulations,  as  they  thought  fit,  for  prohibiting  the 
movement  of  diseased  or  suspected  or  contact  animals,  but  in  respect 
of  contact  or  infection-exposed  animals  the  movement  was  only  to  be 
prohibited  when  the  building  or  other  place  to  which  restriction  applied 
contained  an  animal  held  to  be  actually  diseased.  Article  9  made  it 
illegal  to  expose  any  diseased  or  siispected  animal  in  any  public  place, 
to  graze  such  animal  on  pastures  by  the  sides  of  highways,  or  to  carry, 
lead,  or  drive  any  such  animal  on  a  highway  or  thoroughfare  ;  and 
Article  8  made  provisions  as  to  disinfection. 

This  Order  was  superseded,  however,  by  the  Glanders  and  Farcy 
Order,  1907,  No.  7322,  which  came  into  operation  on  1st  January  1908. 

Foot-and-Moutli  Disease.— This  disease,  which  is  known  also  by  the 
synonyms  "epizootic  vesicular  stomatitis,''  "Aphtha  epizootica"  and 
"  vesicular  murrain,''  is  also  transmissible  to  man.    Hirsch^  attributes 
the  first  record  of  it  to  Sagar,  an  Austrian  physician,  who  gave  an  account 
of  a  seizure  in  Moravia  in  1764.    The  materies  morbi  may  be  transmitted 
to  man  either  from  the  products  of  the  cow — milk,  butter,  or  cheese — 
or  from  the  absorption  into  the  body  of  man  by  some  accidental  raw 
surface  of  the  discharge,  buccal  or  nasal,  of  an  affected  animal.  There 
can  be  little  doubt  that  the  disease  is  of  microbial  origin,  although, 
so  far  as  we  know,  no  specific  micro-organism  has  yet  been  isolated.  The 
symptoms  of  the  disease  in  man  resolve  themselves  into  the  exhibition 
of  general  febrile  disturbance,  affection  of  the  mucous  membranes,  and 
the  appearance  of  a  cutaneous  eruption.    The  eruption  on  the  skin  is 
mainly  confined  to  that  of  the  hands  and  feet,  but  in  certain  cases  it  has 
appeared  more  generally  all  over  the  body-surface.    In  a  case  which  we 
recorded,^  the  d'isease  was  heralded  by  fever,  severe  conjunctivitis,  and 
some  coryza  and  a  slight  cough.    A  rash  appeared  on  the  face  and 
neck  wbich  looked  not  unlike  the  initial  stage  of  measles.    The  con- 
junctivitis increased,  as  did  also  the  coryza,  and  the  nasal  mucous 
membrane  became  swollen,  but  the  rash  on  face  and  neck  cleared  away. 
Then  the  mucous  membrane  of  the  mouth  became  swollen,  inflamed,  and 
tender,  and  bore  the  appearance  generally  as  if  it  had  been  painted  over 
with  blistering  fluid.    Swallowing  became,  in  consequence,  painful  and 
difficult.    A  rash  now  began  to  develop  on  the  forearms  and  on  the  palms 
of  the  hands  and  soles  of  the  feet.    On  the  forearms  it  consisted  of  cir- 
cular and  oval  papules,  and  on  the  palmar  and  plantar  skin  as  circular 
papules  of  a  pinkish  colour.    These  papules  gradually  developed  into 
vesicles.    By  this  time,  distinct  vesicles  were  found  plentifully  in  the 
mouth  and  over  hard  and  soft  palate.    These  ruptured  and  developed 
into  angry  and  raw  ulcers  of  varying  size  and  depth,  which  were  not 
quite  healed  until  about  the  end  of  the  fifth  week  of  the  illness.  The 
rash  on  the  hands  and  feet  went  through  the  stages  of  papule,  vesicle, 
and  pustule.    After  the  fluid  contents  of  these  were  absorbed,  desquama- 
tion of  a  free  character  followed.    The  late  Dr  J.  B.  Russell  saw  the 
case  with  us,  and  agreed  in  the  diagnosis.    No  evidence  was  obtainable 
of  the  existence  of  disease  in  the  dairy-farms  around  Glasgow  at  this  time, 
and  the  patient  had  no  connection  in  any  way  directly  with  cows. 
Several  other  cases  have  been  recorded.    Cases  were  common  for  ex- 

'  Ocor/raphical  and  Historical  Pathology,  vol.  iii.,  p.  241.    (New  Syd.  Soc  Ed  ) 
2  Lancet,  2Gth  Sept.  1890. 
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ample  in  tlie  human  subject  dm-ing  the  epidemic  among  cattle  in  Germany 
in  1838.  As  in  the  paper  noted  we  have  dealt  with  the  literature  of 
recorded  cases,  the  reader  who  desires  to  pursue  the  subject  further  is 
referred  to  that  paper. 

Foot-and-Mouth  Disease  is  one  of  the  diseases  named  in  the  Con- 
tagious Diseases  (Animals)  Acts  {vide  'postea). 

The  Foot-and-Mouth  Disease  Order  of  1895  regulates  the  actions  of 
Local  Authorities  and  inspectors  and  owners  respecting  any  outbreak  of 
the  disease,  relative  to  (a)  giving  notice  of  cases  of  the  disease,  (6)  duties 
of  inspector  on  receipt  of  such  notice,  (c)  rules  to  be  applied  to  the  in- 
fected place,  {d)  removal  of  infected  things,  (e)  prohibition  of  movement 
of  animals,  (/)  disposal  of  carcases  of  infected  animals,  and  (g)  disin- 
fection. 

Anthrax  or  Splenic  Fever  of  cattle,  sheep,  goats,  pigs,  deer,  horses, 
and  other  animals,  and  wool -workers'  disease,  or  malignant  pustule 
: — its  synonyms  in  man — is  a  very  fatal  disease.  In  man,  its  constitu- 
tional or  pulmonary  form,  which  is  known  as  wool-sorters'  disease  and 
was  first  recognised  in  England  in  1879,  is  usually  induced  by  inhala- 
tion of  spores  of  the  bacillus,  and  mainly  affects  the  lungs.  Malignant 
pustule  is  an  external  local  manifestation  of  the  disease  due  to  direct 
inoculation  of  a  wounded  point  with  the  specific  micro-organism.  The 
fijst  published  account  of  malignant  pustule  in  England  is  dated  1863, 
although  it  was  known  before  this  time.  It  appears  to  be  endemic  in 
Cyprus  due  to  the  sting  of  the  insect  Sphalangi.  It  is  a  disease,  there- 
fore, which  is  communicable  from  animals  to  man.  The  disease  was 
well  known  in  animals  before  its  communicability  to  man  was  dreamt 
of.  Its  connection  with  man  was  first  discovered  when  an  investiga- 
tion was  made  by  Dr  Bell  of  Bradford  into  a  strange  disease  which 
broke  out  among  wool-sorters  in  that  town.  It  has  also  been  seen 
many  times  among  hair-sorters  since.  Workers  among  hides  and 
hoofs  are  liable  to  be  attacked  with  the  external  form  of  the  disease, 
if  the  materials  have  been  taken  from  diseased  animals.  The  pustule 
or  boil  which  forms  by  inoculation  on  the  skin  begins  at  first  as  a  small 
inflamed  vesicle  or  pustule,  which  becomes  black,  and  is  surrounded  by 
a  thickened  brawny  area  of  tissue  from  which  pass  inflamed  lymphatic 
vessels.  It  may  end  in  resolution,  or  the  central  black  necrosed  tissue 
may  slough  out  with  suppuration  but  with  little  accompanying  con- 
stitutional mischief,  or  on  the  other  hand,  the  pustule  may  be  the  source 
of  profound  constitutional  disturbance.^ 

Of  1077  cases  collected  by  Koch,  in  490  the  pustule  occurred  on  head 
and  face,  45  on  neck,  370  in  the  upper  limbs,  and  in  the  remaining  cases 
on  other  pai-ts  of  the  body.^  The  disease  is  caused  by  the  B.  anthracis, 
a  rod-shaped  organism,  which  varies  from  2  to  10  micro-millimetres 
in  length,  and  from  1  to  1-5  in  breadth.  It  stains  freely  by  Gram's 
method.  It  is  non-motile,  sporulates  freely,  and  its  spores  are  among 
the  most  resistant  to  destructive  agents.  All  parts  of  an  infected 
animal  carry  organisms,  hence  blood-smeared  hides,  hair,  or  hoofs, 
when  dry,  convey  the  disease.  The  dust  contains  the  spores.  Dui-iug 
life,  it  is  conveyed  from  animal  to  animal  by  direct  or  indirect  contagion, 
by  the  association  of  the  infected  and  non-infected,  and  also  by  infected 

1  B.M.J. ,  vol.  ii.,  1901,  pp.  133  et  scq.       -  Trovcs's  Surgery,  vol.  i.,  p.  313. 
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public  watering-troughs.  The  disease  is  beUeved  also  to  have  been 
conveyed  b}'  infected  oats  and  oil-cake.  In  the' Queen's  Bench  Division, 
judgment  was  given  for  a  defendant  who  resisted  payment  of  a  bill  for 
oats  supplied  to  him,  on  the  ground  that  the  oats  had  caused  anthrax 
among  his  horses.  The  jury  awarded  him  damages  for  the  horses  which 
had  died.^  In  another  case,  it  was  proved  that  the  disease  had  been 
transmitted  to  oxen  by  means  of  oil-cake.  In  wool-sorting  and  hair- 
sorting  factories  precautions  must  be  taken  to  protect  the  employes, 
either  by  steeping  in  disinfecting  solution  the  materials  to  be  handled, 
or  by  instituting  bench-ventilators  to  carry  away  dust,  and  by  providing 
muzzles  which  are  to  be  worn  by  the  workmen.  In  1899,  the  Board  of 
Agriculture  issued  the  Anthrax  Order  for  England  (No.  5905),  under 
w^hich  cases  of  this  disease  in  animals  are  dealt  with,  the  owner  being 
compelled  to  report  their  existence  to  the  inspector,  who  in  turn  must 
inform  the  Medical  Officer  of  Health.^ 

Contagious  Diseases  (Animals)  Acts 

The  Diseases  of  Animals  Act,  1894,  consolidated  the  Contagious 
Diseases  (Animals)  Acts,  1878-1893,  except  the  provisions  of  those  Acts 
which  relate  to  dairies,  cowsheds,  and  milkshops.    {Vide  p.  420.) 

Since  the  passing  of  this  Act,  the  following  further  Acts  have  been 
passed  : — 

1.  The  Diseases  of  Animals  Act,  1896  ; 

2.  The  Diseases  of  Animals  Act,  1903  ;  and 

3.  The  Diseases  of  Animals  Act,  1909. 

These  Acts  are  administered  under  the  supervision  of  the  Board  of 
Agriculture  and  Fisheries. 

The  diseases  named  in  the  Act  of  1894  are  (1)  cattle-plague,  (2) 
pleuro-pneumonia,  (3)  foot-and-mouth  disease,  (4)  sheep-pox,  (5)  sheep- 
scab,  and  (6)  swine-fever ;  by  section  10,  the  Board  are  empowered  to 
make  such  orders  as  they  think  fit  for  prescribing  the  cases  in  which 
places  may  be  declared  to  be  infected  with  the  disease  other  than  those 
specifically  named. 

The  objects  of  this  Act  are  mainly  as  follow  : — 

1.  To  secure  that  due  notice  shall  be  given  by  every  person  of  any 

animal  under  his  charge  afi^ected  with  any  of  these  diseases  ;  1 1 

2.  To  secure,  so  far  as  practicable,  isolation  of  affected  from  healthy 

animals ; 

3.  To  prevent  the  movement  of  animals  from  any  infected  place  or 

area.  Where  a  place  is  declared  infected,  the  whole  space 
lying  within  half-a-mile  from  any  part  of  such  place  shall  be- 
come and  be  a  circle  infected  with  that  disease ; 

4.  To  give  compensation  to  owners  for  animals  slaughtered  which 

are  diseased  or  infected ; 

5.  To  make  provisions  respecting  the  case  of  animals  affected  with 

any  of  the  aforenamed  diseases,  while  (a)  exposed  for  sale  or 
being  exhibited  in  any  market,  fair,  exhibition,  or  (b)  in  transit, 
or  (c)  in  a  foreign  animals  or  quarantine  station,  or  slaughter- 
house, or  not  under  control  of  owners ; 

1  Lancet,  vol.  ii.,  1895,  p.  1517. 
•  *  Revoked  by  Anthrax  Order,  I'JIO.    (Vide  Appendix,  p.  5G7). 


PEEVENTABLE  DISEASES  417 

6.  To  empower  the  Board  to  make  orders  respecting  any  matters 
relatmg  to  infected  animals,  infected  places,  infected  things, 
the  extension  of  the  definition  of  "  disease  "  in  this  Act,  with 
the  supply  of  food  and  water  to  animals  at  railway-stations, 
the  slaughter  of  all  foreign  animals  at  ports  of  landing,  and 
many  other  matters. 
Tlie  Local  Authorities  in  Scotland  under  this  Act  are  the  magistrates 
and  town  councils  of  each  burgh  not  being  a  burgh  to  which  section 
14  of  the  Local  Government  (Scotland)  Act,  1889,  applies  ;   and  the 
County  Council  for  each  coimty  and  council  of  any  burgh  to  which  said 
section  14  applies,  and  any  royal  burgh  which  does  not  return  or  con- 
tribute to  return  a  member  of  Parliament.    Section  14  referred  to  enacts 
that  where  a  burgh  contains  a  population  of  less  than- 7000,  the  powers,, 
duties,  and  liabilities  of  the  magistrates  and  town  council  of  such  burgh 
under  the  Contagious  Diseases  (Animals)  Acts  shall  cease,  and  shall  be 
vested  in  the  County  Council. 

The  Diseases  of  Animals  Act,  1896,  is  a  short  amending  Act,  and  the 
Act  of  1903  amends  the  Act  of  1894  in  relation  to  sheep-scab.  It  em- 
powers a  Local  Authority  to  provide  and  maintain  portable  fitting  tanks, 
and,  with  the  sanction  of  the  Board,  dipping-places  for  sheep,  and  to 
afford  the  use  of  the  same,  upon  such  terms  as"  the  Local  Authority  may 
think  fit ;  but  no  dipping-place  shall  be  used  if  such  use  would  injuri- 
ously affect  the  water  in  any  stream,  reservoir,  aqueduct,  well,  pond,  or 
place  constructed  and  used  for  the  supply  of  water  for  drinldng  or  other 
domestic  purposes. 

The  Act  of  1909  is  an  Act  authorising  the  payment  of  fees  to  veter- 
inary surgeons  and  practitioners  for  notification  of  diseases  of  animals. 

The  Board  issued  the  Animals  (Notification  of  Disease)  Order  of 
1910,  m  view  of  that  Act.  The  diseases  to  which  this  Order  applies 
are  :— cattle-plague,  pleuro-pneumonia,  foot-and-mouth  disease,  sheep- 
pox,  sheep-scab,  swine-fever,  anthrax,  epizootic  lymphangitis,  rabies, 
glanders  and  farcy.  It  ordains  that  a  veterinary  surgeon  shall,  with  all 
practicable  speed,  give  notice  of  the  existence  or  the  suspected  existence 
of  any  of  these  diseases  to  an  inspector  of  the  Local  Authority,  and  also, 
except  where  the  disease  is  anthrax,  sheep-scab,  glanders  or  farcy,  to  a 
local  constable,  who  shall  by  telegram  transmit  the  information  to  the 
Board  of  Agriculture,  London.  The  inspector,  on  receipt  of  any  such 
notice,  shall  forthwith  report  the  same  to  the  Local  Authority,  and  if  the 
disease  is  anthrax,  glanders  or  farcy,  also  to  the  medical  officer  of  health 
of  the  district  in  which  the  animal  or  carcase  is.  The  fee  paid  to  the 
veterinary  surgeon  for  each  notification  is  2s.  6d.,  except  that  where 
more  than  one  animal  is  affected  in  the  same  place  at  the  same  time  only 
one  fee  shall  be  paid. 

Tuberculosis  is  a  disease  common  to  man  and  many  of  the  lower 
animals  which  is  produced  by  the  B.  tuberculosis.  The  organism 
measures  on  the  average  about  2-5  micro-millimetres  in  length,  about 
•2  to  -3  in  breadth,  and  in  form  is  slender  and  slightly  curved.  In 
cultures  the  bacilli  are  oftent  shorter  and  thicker  than  those  seen  in 
phthisical  sputum.  They  sometimes  exhibit  a  well-marked  beady 
appearance.  In  older  cultures  one  end  may  appear  clubbed,  or  branched, 
which  latter  appearance  is  not  infrequently  seen  in  avian  tubercle.  It 
2d 
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is  believed  by  certain  observers  that  this  bacillus  is  but  one  form  of  a 
pleoniorphic  mould  related  to  actinomyces,  and  is  not  a  true  bacterium. 
The  organism  in  sputum  stains  well,  however,  by  Ziehl-Neelsen's 
method ;  that  is,  with  carbol-fuchsin  first,  which  stains  the  bacilli  red, 
then  with  Loffler's  methylene-blue,  Avhieh  stains  the  sputum  itself  blue. 
AVhether  the  bacillus  is  spore-bearing  or  not  is  still  an  open  question. 

Phthisis  fulmonalis  may  be  considered  to  be  a  contagious,  and  an 
infectious  disease.  In  cases  where  contagion  has  been  proved,  two 
conditions  have  been  found  to  prevail — -vis;,  insanitary  environment 
and  propinquity  of  persons,  as  in  the  relationships  of  husband  and 
wife,  sisters,  or  brothers,  who  occupy  the  same  beds.  The  old  doctrine 
of  hereditary  transmission  must  be  put  aside,  but  while  the  disease 
itself  is  not  transmissible,  its  predisposition  is.    Malvez  and  Browx-ier 


Pig.  116.  lUu.strates  tlie.  Geographical  Distribution  of  Phthi.sis  in  the  World.  By  the 
lightness  or  darkness  of  the  hatching  is  the  measure  of  intensity  of  the  disease 
indicated.   (Vide.  Ransome's  Milroy  Lectures.) 


demonstrated  the  presence  of  tubercle-bacilli  in  a  calf  foetus  of  eight 
months  w^hich  was  found  in'  the  uterus  of  a  tuberculous  cow.^  Pul- 
monary phthisis  must  largely  have  its  origin  in  dried  tubercular  sputum, 
which,  inhaled  by  susceptible  persons,  finds  in  them  a  suitable  breeding- 
ground.  The  bacillus  is  found  in  enormous  numbers  in  the  sputum  of 
those  suffering  from  advanced  phthisis. 

Tubercular  disease  presents  itself  in  the  human  subject  in  other 
forms  than  the  pulmonary ;  for  example,  as  Tabes  mesenUrica,  and 
tubercular  meningitis.  The  source  of  infection  in  the  former  class  of 
cases  is  believed  to  be  tuberculous  milk.  This  is  not  impossible^  since 
thejmilk  of  cows  suffering  from  tuberculous  udders  contains  bacilli  in 
abundance.  Another  possible  source  of  the  disease  in  young  persons 
and  adults  is  the  ingestion  of  imperfectly-cooked  tuberculous  meat. 
Opinion  is  much  divided  on  this  point.  Some  are  of  opinion  that  limited 
tubercular  lesions  present  in  the  body  of  an  animal  render  its  flesh 
^Lancet,  vol.  i.,  1889,  p.  115. 
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wholly  unfit  as  human  food ;  others,  that  if  the  limited  lesions  be  ex- 
tii-patod,  the  rest  of  the  carcase  may  be  safely  used.  The  former  view 
was  expressed  by  the  Congress  on  Tuberculosis  held  in  Paris,  the  latter 
by  the  Victorian  Commission  and  by  the  Royal  Coimnission  on  Tuber- 
culosis of  1898  in  Its  Report.  By.  reason  of  this  difference  in  expert 
opinion,  the  policy  of  Sanitary  Authorities  on  this  point  has  been  divided. 
In  Berlin  a  middle  course  is  adopted.  Bv  a  Ministerial  Decree  of  1892, 
It  was  enacted  that  when  the  carcase  of  an  animal  exhibited  general 
tubercular  affection  the  whole  carcase  was  to  be  condemned;  where 
however,  one  organ  only,  or  two  organs  lying  contiguous  in  the  same 
bodily  cavity  were  affected,  the  carcase  was  not  to  be  deemed  unfit  for 
human  food,  but  to  be  considered  as  flesh  defective  in  quality.  It  was 
then  thoroughly  cooked  under  police  supervision  and  sold  at  a  reduced 
price.  Such  a  course  is  at  once  reasonable  and  safe  from  all  points  of 
view.  ^ 

The  following  are  the  Recommendations  of  the  Royal  Commission 
on  Tuberculosis,  1898  : — 

"  C. — Tuberculosis  in  Animals  intended  for  Food 

"6.  We  recommend  that  the  Local  Government  Board  be  empowered  to 
issue  mstriictions  from  time  to  time  for  the  guidance  of  Meat  Inspectors  pre- 
scribing the  degree  of  tubercular  disease  which,  in  the  opinion  of  the  Board 
sliould  cause  a  carcase,  or  part  thereof,  to  be  seized. 

"  Pending  the  issue  of  such  instructions,  we  are  of  opinion  that  the  folio  wine 
principle?  should  be  observed  in  the  inspection  of  tuberculous  carcases  of 
cattle  : — 

''^  (a)  When  there  is  miliary  tuberculosis  of  both  lungs  " 
"  (6)  When  tuberculous  lesions  are  present  on  the 

pleura  and  peritoneum         .        .        .  _ 
'■  (c)  Wlien  tuberculous  lesions  are  present  in  the     "^^^^  entire  carcase 

muscular  system,  or  in  the  lymphatic  glands  f  ^^^^       ^^^^  organs 

embedded  in  or  between  the.  muscle    .  I  roay  be  seized. 

"  (d)  When  tuberculous  lesions  exist  in  any  part  of  | 

an  emaciated  carcase    ....  J 
"  (a)  When  the  lesions  are  confined  to  the  lungs  and  ' 

the  thoracic  lymphatic  glands 
"  (6)  When  the  lesions  are  confined  to  the  liver  j^,,^  ue  co„ 

"  (c)  When  the  lesions  are  confined  to  the  pharyngeal  ,  demned,  but  every 

I  n  vvu'^fu   7  ^     "^"^  ■        ■        ■        ■(  P*^^'*  °f  it  contain- 

er/) V\  hen  the  lemons  are  confined  to  any  combina-    ing  tuberculous 

tion  of  the  foregoing,  but  are   collectively  !  lesions    shall  be 

small  m  extent  j  seized 

"  In  view  of  the  greater  tendency  to  generalisation  of  tuberculosis  in  the 
pig,  we  consider  that  the  presence  of  tubercular  deposit  in  any  deereo  should 
involve  seizure  of  the  whole  carcase  and  of  the  organs 

"  In  respect  of  foreign  dead  meat,  seizure  shall  ensue  in  every  case  where 
the  pleursB  have  been  '  stripped.'  "  vwimo 

Since  it  is  the  commonly  accepted  opinion  that  the  propagation  of 
tubercular  disease  among  infants  and  young  children  is  to  be  largely 
attributed  to  tuberculosed  milk,  precautionary  measures  must  be 
adopted  to  prevent  the  sale  of  such  milk.  It  is  notorious  that  cows 
confined  to  sheds  in  towns  and  cities  are  highly  tuberculous.  Various 
factors  contribute  to  this,  more  especially  perhaps,  want  of  an  open-air 


The  carcase,  if 
otherwise  healthy, 
shall  not  be  con- 
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life  and  the  existence  of  insanitary  environment.    Hence  the  necessity 
for  such  constant  and  careful  supervision  of  cows  in  town  cowsheds 
Sanitary  Authorities  as  is  prevalent  in  certain  cities  in  Denmark  and 
elsewhere.    In  the  Dairies,  Cowsheds,  and  Milkshops  Order,  1899, 
issued  by  the  Local  Government  Board  of  Scotland,  article  15  of  tlie 

Order  of  1885,  which  stated 
that  "  if  at  any  time  disease 
exists  among  cattle  in  a  dairy 
or  cowshed  or  other  building 
or  place,  the  milk  of  a  diseased 
cow  therein  (1)  shall  not  be 
mixed  with  other  milk ;  (2) 
shall  not  be  sold  or  used  for 
human  food ;  and  (3)  shall 
not  be  sold  or  used  for  food 
of  swine  or  other  animals  un- 
less and  until  it  has  been 
boiled  "  was  changed,  so  that 
the  word  "disease"  therein 
should  be  held  to  include 
such  disease  of  the  udder  of 
a  cow  as  is  certified  to  be 
tuberculous  by  a  veterinary 
surgeon.  The  Board  drew 
the  attention  of  Local  Authori- 
ties to  the  recommendations 
of  the  Commission  on  Tuber- 
culosis respecting  cowsheds, 
in  framing  Dairy  Eegulations 
under  the  Order  of  1899. 
The  conditions  laid  down  by 
the  Commission  for  attached 
cowsheds  in  a  popiUous  place 
as  entitling  to  registration  of 
a  dairy,  are  as  follow  —  viz. 
(1)  an  impervious  floor  ;  (2)  a 
sufficient  supply  of  water  for 
flushing  purposes  ;  (3)  proper 
drainage ;  (4)  a  depot  for  manure  at  a  sufficient  distance  from  the 
byres  ;  (5)  a  minimum  cubic  space  of  from  600  to  800  feet  for  each 
adult  beast,  varjang  according  to  the  average  weight  of  the  animals ; 

(6)  a  minimum  floor-space  of  50  feet  for  each  adult  beast ;  and 

(7)  sufficient  light  and  ventilation.  Such  regulations  as  the  foregoing 
are  intended  to  maintain  average  health)''  surroundings  for  healthy 
animals.  But  if  tuberculosis  in  cattle  is  to  be  abolished,  steps  must 
be  taken  prior  to  this  to  apply  such  tests  as  will  weed  out  animals 
already  affected.  For  the  purposes  of  public  safety,  probably  it  would 
be  enough  to  secure  that  no  animal  with  a  tuberculous  udder  should  be 
permitted  to  give  milk  to  be  used  for  human  food.  Local  Authorities, 
as  Manchester,  seek,  however,  to  prevent  the  sale  of  tuberculous  milk  by 
submitting  samples  to  bacteriological  examination.    Delepiue  has  given 


Fio.  117. — To  illustrate  the  relative  incidence  and 
prevalence  of  Tuberculosis  in  Great  Britain  and 
Ireland.  By  reference  to  tlie  liey  the  number  of 
deaths  per  million  of  jjopulatiou  living  may  be 
ascertained. 


PREVENTABLE  DISEASES 


421 


a  Table  which  illustrates  the  incidence  of  the  tubercle-bacillus  in 
Manchester  milk-supplies  ^ : — 

Table  XL 


Source  of  Milk 

No.  of  Samples 
ExainiiieJ 

No.  fouiid 
Tuberculous 

Percentage  of 
Tuberculous 
Samples 

A.  — Mixed  Milk,  from  towoi  or 

country  dailies,  collected 
at  the  farms,  at  railway- 
stations,  or  in  town  dairies 

B.  — Unmixed    Milk,  obtained 

direct — 

1.  From  healthy  cows 

2.  From    cows  diseased, 

or  not  stated  to  be 
healthy  . 

G93 
18 
178 

79 
31 

11-37 
17-362 

889 

110 

Prophylaxis  of  Tuberculosis  of  Bovine  Animals. — There  are  probably 
few  observers  who  have  given  more  attention  to  the  subject  of  bovine 
tuberculosis  than  Bang  of  Copenhagen.    In  a  communication  to  the 
Pans  Congress  of  1898,  he  gave  some  interesting  figures  as  to  the  extent 
the  disease  prevailed  in  cattle.    Of  animals  slaughtered  for  human 
food  whose  carcases  were  found  to  be  tuberculous,  the  percentage  number 
in  Baden  was  3-57  per  cent.,  in  Bavaria  5  per  cent.,  in  Hamburg  8-56 
per  cent.,  in  Prussia  12-7  per  cent.,  in  Saxony  27-5  per  cent.,  and  in 
Zwickau  37-5  per  cent.    During  the  years  1895  and  1896,  the  positive 
reactions  to  the  tubercuhn  test  yielded  by  animals  were  37-2  per  cent,  and 
41-9  per  cent,  respectively.    In  Vienna,  from  1893  to  1895,  the  number 
of  tuberculosed  carcases  found  on  slaughter  was  only  1-30  to  1-80  per 
cent.,  owing,  it  was  believed,  to  the  fact  that  the  bulk  of  the  animals 
came  from  Hungary  where  tuberculosis  is  not  rife.    In  France,  a  similar 
irregular  distribution  of  tuberculosis  among  animals  was  found.  In 
Toulouse,  in  1889,  the  percentage  of  tuberculous  carcases  of  the  animals 
slaughtered  was  9-28  per  cent.,  and  in  Brie  and  Beauce,  about  25  per  cent. 
In  Belgium,  in  1896,  the  number  of  tuberculin-reacting  animals  was  48-8 
per  cent.  In  Holland,  the  number  of  tuberculosed  carcases  in  Amsterdam 
was  8-12  per  cent.,  in  Rotterdam  7  per  cent.,  and  in  Leyden  4-17  per  cent. 
In  Copenhagen,  in  1895,  the  number  of  tuberculosed  carcases  was  29-66 
per  cent.,  in  1896,  25-31  per  cent.,  and  in  1897,  26-87  per  cent.  Of  245,000 
cattle  tested  by  tuberculin,  28-8  per  cent,  gave  positive  reactions.  In 
Sweden,  the  positive  reacters  were  between  42  per  cent,  and  47  per  cent., 
while  in  Norway  of  native  cattle  only  6  to  7  per  cent,  and  of  Scottish 
imported  cattle  18  per  cent. 

1  Trans.  Roy.  I  ml.  Pub.  Health,  1901,  p.  234. 

2  In  tliis  group  is  included  tlie  inillc  of  over  100  cows  in  which  the  udder  was 
foimfl  on  veterinary  insp()cti(jii  to  ho  disoused.  From  2<5  to  20  jjer  cent,  of  the 
samples  from  those  cows  produced  tuberculosis  in  guiiioa-pigs.  M'Fadyen  and 
Rowland  found  tubercle-bacilli  in  22  per  cent,  of  the  samples  wliicli  thev 
examined. 
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The  pi-oi)hyliictic  measures  proposed  by  Bang  to  stamp  out  the  disease 
in  cattle  are  these  :  (1)  Recognition  of  all  alTected  animals  and  their 
compulsory  notification,  followed  by  the  examination  of  all  animals 
which  have  been  exposed  to  contagion  ;  (2)  Destruction  of  all  animals 
so  diseased  as  to  be  able  to  transmit  the  disease  to  other  animals  ;  and 
(3)  Complete  isolation  of  all  animals  slightly  alTected,  and  the  slaughter 
of  these  as  disease  tends  to  develop.  As  showing  the  need  for  systematic 
periodic  inspection  of  cows,  he  points  out  that  of  31,000  animals  between 
April  1896  and  May  1898  which  did  not  react  to  the  tuberculin-test, 
4524  or  14-6  per  cent,  did  react  the  following  year  to  the  te.st. 

Considerable  impetus  has  recently  been  given  to  the  repression  and 
prevention  of  tuberculosis  by  international  conferences  and  congresses 
which  are  calculated  to  awaken  the  nations  against  the  most  fatal  en- 
demic scourge  of  modern  times.  Among  the  principal  of  these  con- 
gresses was  that  held  in  London  in  July  1901.  At  that  Congress,  which 
has  been  rendered  famous  because  of  the  unexpected  and  startling  pro- 
nouncement in  the  address  of  Koch  that  human  tuberculosis  differs  from 
bovine  and  cannot  be  transmitted  to  cattle,  that  human  susceptibility 
to  bovine  tubercule  is  exceedingly  slight,  and  that  if  such  susceptibility 
does  exist  the  infection  of  human  beings  is  "  but  of  very  rare  occurrence," 
several  other  celebrated  Continental  sanitarians  played  prominent  parts, 
and,  notably  in  the  address  of  Brouardel  of  Paris,  showed  what  steps 
were  being  taken  in  their  respective  countries  towards  the  stamping  out 
of  human  tubercular  disease.  From  the  institution,  moreover,  of  a 
British  Association  for  the  Prevention  of  Tuberculosis,  with  branch 
Associations  in  the  various  important  populous  centres  of  the  kingdom, 
some  amelioration  of  this  very  prevalent  and  polymorphic  disease  may 
be  expected.  But  this  can  only  be  achieved  after  many  years  of  per- 
sistent, patient,  and  painstaking  labour,  not  only  on  the  part  of  the 
Association,  but  of  Local  Authorities,  urban  and  rural,  and  of  the 
population  itself  on  the  lines  which  have  been  considered  in  these  pages. 
AVith  respect  to  the  statement  of  Koch  already  referred  to,  it  would  be 
unwise,  in  our  view,  that  Local  Authorities  should  cease  their  aggressive 
action  against  tuberculosed  cattle,  dead  or  alive,  and  milk  from  tuber- 
cular animals.  The  question  of  transmission  or  non-transmission  of 
bovine  tubercle  to  human  beings  cannot  be  allowed  to  depend  upon  the 
dictum  of  any  one  man,  however  eminent,  and  researches  by  private 
observers,  in  addition  to  the  light  thrown  on  the  subject  by  the  labours 
of  the  Royal  Commission  appointed  for  the  purpose,  may  be  expected 
to  settle  the  question  once  and  for  all. 

The  Royal  Commission  on  Tuberculosis  (Human  and  Bovine),  which 
was  appointed  after  Koch's  pronouncement,  issued  its  Second  Report  in 
1907.  This  Commission  was  appointed  to  inquire  and  report  with  re- 
spect to  tuberculosis — ■ 

L  Whether  the  disease  in  animals  is  one  and  the  same  ; 
II.  Whether  animals  and  man  can  be  reciprocally  infected  with 

III.  L'nder  what  conditions,  if  at  all,  the  transmission  of  the  disease 
from  animals  to  num  takes  place,  and  what  are  the  circum- 
stances favourable  or  unfavourable  to  such  transmission. 

In  arriving  at  an  answer  to  the  first  question  the  Commission  under- 
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took  experiiuents  as  follows  : — (a)  to  investigate  the  effects  produced 
in  the  bovine  body  by  the  introduction  of  the  bacillus  of  human 
tuberculosis  ;  and  (b)  to  investigate  the  effects  in  the  bovine  body  of 
the  introduction  under  similar  conditions  of  the  bacillus  of  bovine  tuber- 
culosis. The  animals  used  for  experiment  were  Jersey  cattle,  because 
of  their  remarkable  freedom  from  tuberculosis.  Jersey  calves  were 
experimented  upon  by  tuberculous  matter  either  in  the  form  of  (o)  an 
emulsion  of  tuberculous  lesions,  or  (b)  cultures  of  the  organism  grown 
from  these.  The  modes  of  introducing  the  virus  into  the  animals  was 
(1)  feeding,  (2)  injection  into  the  tissues  subcutaneously,  or  intravenously 
or  intramammarily.  The  site  chosen  for  subcutaneous  injection  was, 
generally,  the  left  side  of  the  neck.  The  effects  were  as  follow  :  At 
or  near  the  seat  of  injection  a  swelling  of  variable  size,  and  of  variable 
rapidity  of  growth  developed,  which  either  remained  hard  and  firm,  or, 
especially  when  cultures  were  used  in  the  injection,  there  was  formed 
in  its  interior  a  cavity  containing  serous  fluid.  Soon  after  injection  the 
nearest  lymphatic  gland — the  prescapular — began  to  be  enlarged,  which 
increase  in  size  developed  with  varying  rapidity  until  a  tumour  of  very 
large  dimensions  w^as  formed.  A  similar  enlargement  of  the  prepectoral 
gland  did  also  take  place  in  some  instances.  About  the  twelfth  day  after 
mjection,  the  temperature  of  the  animal  rose ;  it  became  ill  and  lost 
flesh  ;  lung-troubles  after  appeared  ;  and  within  from  20  to  50  days  the 
animal  died,  or  was  so  ill  that  it  had  to  be  killed.  Post-mortem  examina- 
tion revealed  the  local  neck-lesion  to  be  a  mass  of  caseous  tubercle  which 
infiltrated  adjoining  skin  and  muscle,  sometimes,  indeed,  forming  an 
abscess.  The  prescapular  gland,  as  well  as  the  prepectoral,  and,  to  a 
variable  extent,  also  the  thoracic  and  mediastinal  glands,  were  found  to  be 
masses  of  caseous  tubercle.  Tubercles  were  to  be  found  to  some  extent 
in  all  the  lymphatic  glands  of  the  body.  The  lungs,  spleen,  liver,  and 
kidneys  were  studded  with  tubercles,  many  of  them  caseous,  and  tubercles 
were  also  found  on  the  pleura,  omentum,  peritoneum,  and  in  the  walls  of 
intestine.  This  result  may,  therefore,  be  characterised  as  an  acute 
generalised  progressive  tuberculosis  which  ends  fatally  Avithin  a  few 
weeks. 

.  But  in  other  cases  the  effects  of  injection  of  the  B.  tuberculosis  hovis 
were  different.  The  local  neck-lesion  after  enlarging  merely  to  a  Hmited 
degree  gi-adually  diminished  in  size  ;  the  glands— prescapular  and  pre- 
pectoral— might  enlarge  at  first,  but  later  they  diminished  in  size ;  the 
animal  showed,  at  first,  a  rise  of  temperature  and  some  disturbance  of 
health ;  but  the  symptoms  disappeared,  the  animal  recovered,  in- 
creased in  weight,  and  became  quite  well.  If  the  body  of  such  an 
animal  be  examined  after  killing  it,  the  local  lesion  will  be  found  to  be 
composed  of  tuberculous  tissue  largely  calcareous,  as  will  also  be  other 
tubercular  lesions  that  may  be  found  in  the  body.  This  condition  may 
be  fairly  described  as  a  retrogressive  tuberculosis.  Between  these 
extremes,  various  intermediate  stages  were  found  in  the  experimental 
animals. 

The  Commissioners  agreed  that  the  results  depended  iipon  the  dose 
of  virus— number  of  organisms— injected.  Of  twenty  different  viruses 
tested  on  bovines,  in  eighteen,  doses  of  50  milligrams  of  culture  always 
produced  a  fatal  generalised  progressive  tuberculosis,  but  when  in  two 


424 


PUBLIC  HEALTH 


instances,  a  dose  of  -02  milligrams  and  -01  milligram  respectively  was 
used,  the  result  in  each  case  was  a  limited  retrogressive  tuberculofijj. 

When  intramammary  injection  was  made,  i.e.  when  the  tuberculous 
emulsion  or  culture  was  introduced  through  the  teat  canals  into  two 
quarters  of  the  iidder,  thus  leaving  the  other  two  quarters  for  compari- 
son— the  injected  quarters  soon  became  affected.  In  some  instances  the 
disease  remained  in  these  quarters  and  did  not  extend  into  the  other 
quarters,  or  into  the  body  beyond  the  supramammary  gland  connected 
with  the  injected  quarters.  In  such  cases  the  disease  after  a  while  either 
retrogressed,  or  led  to  the  death  of  the  animal  apparently  due  to  absorp- 
tion of  toxic  substances  from  the  affected  udder.  But  in  other  cases  the 
disease  spread  into  the  uninjected  quarters  and  over  the  body  generally, 
causing  death  by  general  progressive  tuberculosis. 

Tuberc;xlar  milk  was  obtained  from  the  animals  so  treated  and  was 
used  for  feeding  experiments  on  calves.  In  each  of  six  cows  so  affected 
in  the  udder  calves  were  allowed  to  suck  for  varying  periods  beginning  the 
day  after  or  a  few  days  after  the  injection.  In  the  case  of  one  calf  only 
was  generalised  tuberculosis  produced.  In  the  other  five,  which  were 
killed  after  being  kept  alive  from  74  to  363  days,  tuberculosis  was  pro- 
duced, hnt  it  was  limited  in  distribution  to  the  intestines  and  the  mesen- 
teric glands,  and,  in  some  cases,  was  also  found  to  a  limited  decree  in  the 
liver  or  other  internal  organ.  Fourteen  calves,  aged  from  tkree  and  a 
half  weeks  to  two  months,  were  hand-fed  on  tuberculous  milk,  six  from 
one  source  and  eight  from  another.  None  of  these,  when  killed,  showed 
more  than  tuberculosis  limited  to  the  intestine  and  the  mesenteric  or 
ileo-colic  glands  although  fed  for  periods  ranging  from  36  to  127  days.  In 
one  case  only  was  tubercle  found  in  the  pharyngeal  glands.  Guinea- 
pigs,  rabbits,  pigs,  goats,  dogs,  cats,  rats,  mice,  monkeys  and  anthi'opoid 
apes  were  all  affected  by  tuberculosis  either  by  feeding  or  inoculation  with 
the  organism  of  bovine  tuberculosis.  The  foregoing  results  may  be 
summarised  thus  : — the  bacillus  of  bovine  tuberculosis,  introduced 
subcutaneously  as  emulsion  or  culture,  may  produce  (a)  fatal  generalised 
progressive  tuberculosis  ;  (&)  limited  retrogressive  tuberculosis ;  and 
(c)  intermediate  effects,  the  chief  factor  in  the  difference  of  result  being 
the  amount  of  dose  or  number  of  bacilli  injected,  there  being  more  difh" 
culty  in  producing  like  results  by  feeding ;  and  that  the  results  point  very 
strongly  to  the  conclusion  that  the  bacillus  of  bovine  tuberculosis  is 
"  not  oidy  as  effective  but  even  more  effective  in  causing  tuberculosis 
in  some  of  the  above  animals  than  in  the  bovine  animal  itself,"  as,  for 
example,  in  the  guinea-pig. 

Effects  produced  on  Bovine  Animals  by  Human  Tuberculosis. — The 
materies  morbi  employed  in  the  following  experiments  on  bovine  animals 
consisted  of  tuberculous  cervical  glands  removed  by  operation  fi'om  the 
human  subject,  lesions  of  primary  abdominal  tuberculosis,  tuberculous 
mesenteric  glands,  lungs,  bronchial  glands,  kidney,  testis,  and  joint  or 
bone  affections.  When  the  tuberculous  matter  in  the  fonn  of  emulsion 
was  injected  subcutaneously  into  ten  calves  or  heifers,  generalised 
tuberciilosis  was  produced  in  every  case.  In  four  instances  it  was  of  a 
fatal  generalised  progressive  typej  in  other  four  it  w^as  generalised  and 
progressive  but  not  severe  enough  to  be  fatal,  and  in  three,  it  was  limited 
and  retrogressive  in  type.    When  similar  matter  w'as  introduced  into 
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tlie  animal  by  intramammary  injection,  the  result  invariably  was  tuber- 
culosis of  the  udder.  When  injected  into  rabbits,  guinea-pigs,  goats, 
monkeys,  dog,  chimpanzee,  generalised  tuberculosis  was  produced. 
When  cultures  of  the  organism  amounting  to  50  mgr.  froin  cultures 
twenty-one  days  old  were  injected  subcutaneously,  the  result  in  no  case 
was  more  than  a  limited  retrogressive  tuberculosis  in  the  form  of  either 
(1)  a  circumscribed  retrogressive  local  lesion,  often  softened  in  the 
interior  ;  (2)  a  retrogressive  tuberculosis  of  nearest  lymphatic  glands  ; 
or  (3)  a  few  small,  scattered,  retrogressive  tubercles  in  various  organs. 
In  some  cases,  even  using  doses  as  large  as  3000  mgr.,  no  more  severe 
results  than  those  named  were  produced.  Injection  of  cultures  into 
rabbits,  guinea-pigs,  monkeys,  and  chimpanzee  produced  in  the  first- 
named  animals  but  limited  retrogressive  tuberculosis,  and  in  the  three 
last-named,  generahsed  progressive  tuberculosis.  The  efEect  of  feeding 
bovine  animals  with  sputum  of  human  tuberculosis  was  as  follows  : — 
In  two  heifers  fed  with  a  daily  dose  of  sputum,  one  for  200,  the  other  for 
300  days,  several  mesenteric  and  a  few  hepatic  glands  were  found  to  be 
tuberculous,  caseous,  and  calcareous.  In  four  calves  similarly  fed,  one 
for  91,  and  the  others  for  120  days,  the  mesenteric  or  adjoining  glands 
were  found  to  be  affected  with  retrogressive  calcareous  tuberculosis,  and 
in  some  of  these,  the  pharyngeal  glands  were  also  affected. 

The  Commission,  looking  at  the  foregoing  results,  declared  that 
"  beyond  all  doubt  human  tuberculosis  cannot  be  distinguished  from 
bovine  tuberculosis,"  and  that  "  the  human  body  can  be  infected  by 
bovine  tuberculosis." 

"  There  can  be  no  doubt,"  concluded  the  Commission,  "  but  that  in 
a  certain  number  of  cases  the  tuberculosis  occurring  in  the  human 
subject,  especially  in  children,  is  the  direct  result  of  the  introduction  into 
the  human  body  of  the  bacillus  of  bovine  tuberculosis  ;  and  there  can 
also  be  no  doubt  that  in  the  majority  at  least  of  these  cases  the  bacillus 
is  introduced  through  cow's  milk.  Cow's  milk  containing  bovine  tubercle- 
bacilli  is  clearly  a  cause  of  tuberculosis  and  of  fatal  tuberculosis  in  man. 
.  .  .  Our  results  clearly  point  to  the  necessity  of  measures  more  stringent 
than  those  at  present  enforced  being  taken  to  prevent  the  sale  or  the 
consumption  of  such  milk." 

Considering  the  possibility  of  scarlet  fever,  enteric  fever,  and  diph- 
theria, as  well  as  tubercle,  being  transmitted  by  milk,  an  effective 
method  of  preventing  infection  is  to  boil  the  milk.  The  chief  objection 
to  boiled  mUk  is  its  taste.  This,  however,  becomes  unnoticed  if  children 
are  used  to  it  from  infancy.  It  may,  besides,  be  minimised  by  the  use 
of  milk-sterilisers,  in  which  the  milk  is  rendered  practically  sterile  by 
exposure  to  a  temperature  short  of  boiling-point  for  some  minutes.  The 
operation  is  easily  carried  out  for  infant-feeding  by  placing  the  milk  in 
a  bottle  which,  in  turn,  is  put  into  a  vessel  containing  water.  By  heating 
the  latter  until  the  temperature  of  the  milk  is  raised  to  160-170°  F.,  and 
keeping  the  milk  at  that  temperature  for  fifteen  minutes  and  then  rapidly 
cooling  it,  the  milk  is  sterilised.  By  keeping  the  bottle  stoppered  while 
the  contents  cool,  no  organisms  can  enter  from  the  atmosphere.  Sterilisa- 
tion, or  Pasteurisation  as  it  is  sometimes  called,  is  carried  out  on  a 
large  scale  in  Copenhagen,  Berlin,  and  other  continental  cities,  before 
the  milk  is  sold.    The  Corporation  of  St  Helens,  Lancashire,  has  followed 
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the  exainple  of  the  town  of  Fecamp  in  Normandy,  in  sterilising  tlie  jnilk 
used  for  infant-feeding,  with  a  view  to  reducing  infantile  mortality.  The 
temperature  to  which  the  milk  is  subjected  in  this  instance  is  102"  C, 
and  the  time  of  exposure,  three-quarters  of  an  hour.  Milk  so  treated' 
according  to  Drew  Harris,  does  not  possess  a  "  boiled  "  taste,  is  perfectly 
sterilised,  and  will  keep  sweet  for  over  a  month  in  closed  bottles.^ 

While  the  term  "  sterihsation  "  and  "  Pasteurisation  "  are  indiscriminately 
iisod,  it  ought  to  bo  understood  that  they  are  not  descriptive  of  one  and  the 
same  process.  Sterilisation  of  milk  is  a  relative  term.  To  render  milk  alj- 
soliitely  sterile,  it  nmat  either  be  raised  to  such  a  high  temperature  and  for  sucli 
a  period  as  would  change  it3  appearance  and  constitution,  or  it  mwit  be  ex- 
posed to  a  lower  temperature  on  successive  occasions.  Pasteuri.sation  means 
the  exposure  of  milk  to  a  temperature  of  about  70°  C.  for  ten  to  fifteen  minutes, 
and  tlien  to  rapid  coolmg  to  prevent  the  development  of  spores  before  it  is 
used.  The  latter  process  does  not  render  the  milk  absolutely  sterile,  but  only 
relatively  so.  Weber,^  from  the  results  of  his  investigation  of  the  effects  of 
sterihsation  of  milk,  affirms  that  the  following  changes  take  place  in  milk 
when  that  fluid  is  subjected  to  the  sterilising  process  for  longer  than  15-20 
minutes,  viz.  :  (a)  an  alteration  of  the  albumens  ;  (6)  aggregation  of  fat 
globules;  (c)  loss  of  CO,  ;  (d)  caramoh^ation  of  the  lactose  ;  (e)  decomposition 
of  the  lecithins  ;  all  of  which  changes  impair  the  nutritive  value. 

In  order  to  lessen  pulmonary  tuberculosis,  the  system  of  notification 
as  carried  out  for  other  zymotic  diseases  has  by  some  been  strongly 
advocated.  Voluntary  notification  already  exists  in  several  populous 
centres.  Compulsory  notification  is  established  by  law  in  Norway, 
Spain,  and  other  countries.  There  is  much  to  be  said  in  its  favour, 
and  there  are  equally  strong  objections  to  its  practical  use.  It  is,  however, 
the  only  logical  issue,  whatever  views  may  be  entertained  as  to  its  ex- 
pediency. The  desiccated  expectoration  of  phthisical  persons  being, 
doubtless,  an  important  factor  in  the  genesis  of  the  disease,  attempts  have 
been  made  in  various  countries  to  compel  the  cessation  of  indiscriminate 
expectoration  in  public  places,  and  the  disinfection  of  tuberculous  sputum. 

The  experiments  of  Cornet  of  Berlin  with  respect  to  the  dn.st  of  rooms  and 
hospital-wards  occupied  by  phthisical  patients,  and  of  Prausnitz  and  Petri  witli 
respect  to  the  dust  of  railway-carriages,  amply  prove  the  presence  of  B.  tuber- 
culosis and  other  micro-organisms  therein.  Of  ninetj^-one  animals  inoculated 
by  Petri  with  the  sputum  found  in  railway-carrin.ges,  twenty-eight  succmnbcd 
to  diseases  produced  by  the  inoculated  material.  In  the  "bodies  were  found 
cUfferent  pathogenic  organisms,  such  as  S.  pyogenes  aureus  and  oUms,  Strepto- 
coccus pijogenes,  Ebertli's  bacillus  of  pseudo-tubercle,  and  the  bacillus  of  mouse 
septicajrnia.  Of  the  other  sixty-three  animals,  which  wore  killed  at  the  end  of 
.six  weeks  after  inoculation,  three  were  suffering  from  tuberculosis. 

But  many  obvious  difficulties  emerge  in  the  accomplishment  of  the 
above  desiderata.  In  Germany,  France,  and  America,  and  in  certain 
of  our  own  cities,  public  attention  has  been  called  to  the  serious  dailger 
from  tubercular  sputum,  and  instructions  have  been  printed  and  dis- 
tributed broadcast  in  order  to  educate  the  public.  The  chief  points 
embodied  in  these  leaflets  are  :   (1)  that  the  infective  matter  of  the 
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consumptive  person  is  chiefly  located  in  the  sputum  ;  (2)  that  it  is  only 
capable  of  doing  harm  when  the  sputum  becomes  dried,  because  then  it 
is  liable  to  become  air-borne  ;  (3)  that,  therefore,  the  sputum  should  be 
collected  on  pieces  of  paper,  old  cotton,  or  linen,  and  bui'ned,  and  when 
phthisical  persons  walk  abroad,  that  the  sputum  should  be  received 
into  pocket  spittoons,  the  contents  of  which  may  be  washed  into  a 
drain,  or  better,  should  be  consigned  to  the  fire  ;  (4)  that  when  phthisis 
commences,  the  patient  should  be  warned  not  to  swallow  the  expec- 
toration ;  (5)  that  the  consumptive  patient  should  sleep  alone  in  a 
room  occupied  by  himself  only  ;  and  (6)  in  the  event  of  death  occurring 
from  the  disease,  that  the  room  and  contents  should  be  disinfected. 
The  establishment  of  sanatoria  for  the  open-air  treatment  of  in- 


Flfi.  lis.— Map  showing  relative  prevalence  of  Tuberculosis  in  certain  European  countries 
and  in  Asia.  Capital  letters  in  Figure  signii'y  the  initial  letters  of  the  capital  cities. 
The  various  shadings,  when  compared  with  the  shaded  key,  indicate  the  number  of 
deaths  per  million  of  population  in  the  respective  countries.  It  will  be  noted  that  no 
returns  are  given  for  Spain  (except  the  city  of  Madrid),  Turkey,  Greece,  Portugal,  and 
the  Danubian  States.  {l''idc  City  of  Edinburgh  Report  on  Prevention  of  Consumption.) 

cipient  cases  of  phthisis  has  been  strongly  advocated  by.  reason  of  the 
fact  that  in  the  early  stages  of  the  disease  it  is  curable.  Pathological 
examination  of  bodies  has  demonstrated  the  frequent  existence  of 
cicatrices  of  healed  cavities  caused  by  the  disease.  Such  establishments, 
situated  at  high  altitudes  in  dry  air,  unmistakably  produce  improvement , 
and  cure  in  suitable  cases,  but  it  must  not  be  supposed  that  like  good 
effects  will  follow  in  advanced  cases,  because  in  these  mixed  infection 
has  probably  occurred. 

That  all  such  measures  as  the  foregoing  are  necessary,  is  indicated 
by  the  fact  that,  of  all  the  zymotic  diseases,  phthisis  has  shown  least 
tendency  to  diminution  from  general  sanitary  measures.  It  is  near 
the  mark  to  say  that  one-seventh  of  the  total  annual  deaths  in  the 
world  are  due  to  tubercular  disease. 

The  Local  Government  Board  of  Scotland  on  10th  March,  1906, 
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issued  a  circular  letter  to  Local  Authorities  and  medical  officers  of 
health  on  the  subject  of  "Administrative  Control  of  Pulmonary  Phthisis." 
The  results  embraced  in  it  were  founded  on  the  returns  by  medical 
ofTicers  of  health  to  a  schedule  of  inquiry  issued  by  the  Board  in  May  of 
the  previous  year.  With  a  view  to  assisting  Local  Authorities  to  develop 
and  complete  their  administrative  machinery  for  the  full  control  of 
pulmonary  phthisis,  the  Board  in  the  letter  directed  attention  to  the 
following  points — viz. 

I.  Pulmonary  phthisis  is  an  infectious  disease  within  the  meaning 
of  the  Public  Health  (Scotland)  Act,  1897.  Accordingly,  those  sections 
of  that  Act  which  are  applicable  to  other  infectious  diseases  are  equally 
applicable  to  pulmonary  phthisis,  hence  the  obligation  to  deal  with 


Fig.  119.— This  Map  graphically  represents  the  relative  prevalence  and  incidence  of 
Inflammatory  Diseases  of  the  Lungs,  excluding  Phthisis,  in  diHereiit  countries  of 
tlie  Old  World,  estimated  as  deaths  per  million  of  population.  (Vide  City  of 
Edinburgh  Report  on  Tuberculosis,  1900.) 

and  control  infectious  disease  on  the  part  of  Local  Authorities  extends 
also  to  pulmonary  phthisis. 

II.  Powers  as  to  Disinfection.— Sections  46,  47,  48,  and  all  other 
provisions  of  that  statute  with  regard  to  disinfection  of  infectious 
disease  shall  be  applicable  to  pulmonary  phthisis,  and  it  is  the  duty  of 
the  Local  Authority  to  enforce  these  provisions  whenever  necessary. 
Sections  51  and  53  enable  them  to  deal  with  rooms  and  houses  in  Avhich 
cases  of  phthisis  have  developed,  and  owing  to  the  dissemination  of  the 
disease  by  desiccated  sputum,  they  should  arrange  with  those  in  charge 
of  places  of  common  resoi-t,  such  as  schools,  churches,  theatres,  railway- 
stations,  and  the  like,  and  of  public  conveyances,  to  have  the  sanie 
•  periodically  disinfected  by  the  officers  of  the  Local  Authority.  The  pro- 
visions of  section  50,  which  forbid  the  exposure  of  infected  matter  or 
articles,  and  of  section  56,  which  prohibits  infected  persons  exposing 
themselves  in  public  places  without  proper  precautious  against  spreading 
the  disease,  should  be  enforced  ;  and  the  Local  Authority  should  also 
use  the  powers  contained  in  section  58,  and  see  that  no  person  suffering 
from  pulmonary  phthisis  should  engage  in  any  occupation  connected 


PREVENTABLE  DISEASES 


429 


with,  food,  or  carry  on  any  trade  or  business  in  sucli  a  manner  as  was 
likely  to  spread  the  disease. 

III.  Poivers  as  to  Isolation  and  Treatment. — The  provisions  of  the 
Public  Health  Act  contained  in  section  54,  as  to  removal  of  cases  of 
infectious  disease  to  hospital,  and  in  section  66,  as  to  provision  of  hos- 
pitals and  houses  of  reception,  are  available  for  pulmonary  phthisis  as 
for  any  other  infectious  disease.  Local  Authorities  are  advised  either 
to  utilise  existing;  sanatoria  or  to  combine  Avith  other  Authorities  in 
establishing  a  properly-equipped  sanatorium  for  patients  belonging  to 
their  districts,  rather  than  each  Authority  to  attempt  to  provide  one  for 
itself.  The  Board  also  drew  attention  to  the  different  classes  of  those 
suffering  from  pulmonary  phthisis,  viz.  (a)  those  in  whom  the  disease 
was  incipient,  (b)  those  in  whom  it  was  well-established,  and  (c)  those  in 
whom  it  was  advanced  ;  and  to  the  different  grades  of  danger  to  which 
these  severally  exposed  others.  In  addition,  it  was  indicated  that 
different  kinds  of  hospitals,  etc.,  were  needed  for  that  reason — viz.  {a) 
curative  hospitals  or  sanatoria  for  incipient  cases  ;  (b)  all-day  hospitals 
for  open-air  cm-e ;  (c)  all-night  hospitals  for  those  who  are  engaged  in 
occiipation  by  day  and  whose  homes  are  unsuitable  for  living  in  at 
night ;  {d)  convalescent  homes  or  work-colonies  ;  (e)  hospital-wards  for 
educative  treatment  and  control ;  (/)  hospital-wards  for  isolation  of 
advanced  cases  ;  {g)  dispensaries. 

IV.  Notification. — ^Local  Authorities  might  now  add  pulmonary 
phthisis  to  the  list  of  diseases  notifiable  under  the  Infectious  Disease 
(Notification)  Act,  1889,  with  the  approval  of  the  Board,  and  the  Board 
would  be  prepared  to  give  favourable  consideration  to  any  application 
for  such  approval,  provided  they  were  satisfied  that  the  Local  Authority 
were  in  a  position  and  ready  to  deal  effectively  with  the  cases  notified 
to  them.  "  Notification,"  added  the  Board,  "  of  itself  has  no  adminis- 
trative value,  and  unless  it  is  to  be  followed  by  effective  measures  for 
curative  treatment  of  the  patients  and  for  the  prevention  of  the  spread 
of  infection,  the  Board  will  not  feel  justified  in  approving  of  the  com- 
pulsory notification  of  cases  of  the  disease." 

V.  The  Board  suggested  the  appointment  by  a  Local  Authority  of  a 
committee  to  organise  and  administer  the  measures  to  be  taken  against 
the  disease,  which  should  be  called  the  Phthisis  Couimittee  ;  and  it 
further  reminded  Local  Authorities  that,  while  direct  means  for  repressing 
the  disease  were  of  great  importance,  of,  perhaps,  no  less  importance 
was  the  attention  which  ought  to  be  given  to  indirect  means,  such  as 
unremitting  and  systematic  removal  of  nuisances,  prevention  of  over- 
crowding, enforcement  of  good  ventilation,  reconstruction  of  insanitary 
dwellings,  improvement  of  insanitary  areas,  improvement  of  sub-soil 
and  domestic  drainage,  stringent  examination  of  meat  and  milk 
supplies,  of  cowsheds  and  dairies,  cleansing  of  streets,  removal  and 
proper  disposal  of  refuse,  and  many  like  conditions. 

Since  the  issue  of  this  circular  several  Local  Authorities  have  taken 
the  necessary  steps  to  make  pulmonary  phthisis  compulsorily  notifiable. 
The  compulsory  notification  of  this  disease  took  effiect  in  Glasgow  on 
Ist  January  1910,  in  Edinburgh  in^l908,  in  Leith  in  1909,  and  by 
section  45  of  the  Sheffield  Corporation  Act,  1903,  it  also  became 
compulsory  in  that  town. 
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Naismith  has  collated  the  nioi'tality-returns  for  Scotland  from 
tubercular  diseases  from  1855  to  189-1,  iu  the  following  Table  ^ : — 

Table  XLI 

V(!ai  s  Niimbfii- of  Deaths 

1855-1 8(14   105,275 

1865-1874   102,193 

1875-1884    118,280 

.1885-1804   100,071 

In  40  years  therefore,  in  Scotland  alone,  nearly  half  a  million  deaths 
have  been  caused  by  the  tubercle  bacillus.  During  the  last  forty 
years,  however,  the  death-rate  from  pulmonary  phthisis  in  England 
has  fallen  by  two-thirds,  and  in  Scotland  by  more  than  a  half,  compared 
with  former  rates. 

Table  XLII 

Showing  Number  of  Deaths  and  Death-rates  in  Scotland  from  Pulmonary 

Phthisis,  1899-1904 


Tear 

Number  of  Deaths 

Death-rate  per 
1000  of  Population 

1899 

6,814 

1-551 

1900 

6,804 

1-526 

1901 

6,400 

1-431 

1902 

6,068 

1-338 

1903 

6,092 

1-326 

1904 

6,151 

1-329 

Table  XLIII 


Showing  Number  of  Deaths  and  Death-rates  in  the  Fifteen  Largest  Towns 
in  Scotland  from  Pulmonary  Phthisis,  1899-1904 


Year 

Number  of  Deaths 

Death-rate  per 
1000  of  Population 

1899 

3,409 

1-801 

1900 

3,437 

1-784 

1901 

3,275 

1-674 

1902 

3,100 

1-551 

1903 

3,092 

1-520 

1904 

3,035 

1-481 

If  the  deaths  for  1904  for  the  whole  of  Scotland  be  divided  in  respect 
of  their  rural  and  urban  incidence,  they  show  as  follows  : — 

Deaths       Death-rate  per  1000 
Landward  Districts      ....        1,735  1-108 
Burghs  4I4I6  1-441 


Total,       6,151  1-329 


'  Trans.  San.  Asx.  of  Scot,  1896-97,  p.  52. 


PEEVENTABLE  DISEASES 


431 


The  mean  phthisis  death-rate  for  the  whole  of  Scotland  in  1899-1904 
was  1-415  per  1000  of  population,  but  in  the  counties  of  Dumfries,  Kirk- 
cudbright and  Sutherland  it  was  1-7  per  1000 — the  highest  of  all, — 
while  iu  the  counties  of  Linlithgow  and  Nairn  it  was  0-9  per  1000 — the 
lowest  of  all. 

It  is  likely,  indeed,  that  such  measures  as  the  foregoing,  in  addition 
to  increased  numbers  of  open  spaces  in  our  cities,  closer  attention  to 
ventilation  of  occupied  rooms  and  workshops,  greater  insistence  on 
smoke-consumption,  street-cleansing,  and  scavenging  generally,  I'igor- 
ous  periodic  examination  of  hrilch  cows,  and  systematic  meat-inspection, 
will  produce  a  lowered  mortality  from  tubercular  diseases  ;  but  so  long 
as  crowded,  imperfectly  lighted,  badly-ventilated  houses  exist,  the 
disease  will  more  or  less  prevail. 

Pulmonary  tubercle  is  confined  to  no  country  and  to  no  hemisphere. 
{Vide  Figs.  116,  118.)  It  has  been  held  by  some  that  its  pre- 
valence is  in  some  way  due  to  the  measure  of  amount  of  moisture  in 
the  soil,  but  it  is  doubtful  if  this  can  be  stated  as  a  general  principle. 
The  potent  factors  in  its  production  are  not  so  much  existent  in  the  soil 
or  in  altitude,  as  in  the  intimate  home-life  of  the  people  and  the  con- 
ditions of  their  environment,  and  to  some  extent  also  of  their  employ- 
ment. Consanguinity  is  an  important  factor  in  its  spread  in  respect 
that  it  produces  a  type  of  constitution  ill-fitted  to  resist  the  invasion 
of  the  bacillus.  Davies  ^  has  established  this  with  reference  to  the 
Manx  population.  Over  a  period  of  fifteen  years  the  average  annual 
death-rate  from  phthisis  in  the  Isle  of  Man  was  25-7  per  10,000  living, 
or  about  double  the  rate  for  England  and  Wales. 

National  and  ritual  habits  seem,  however,  also  to  play  some  part 
in  the  predisposition  to  the  disease.  It  has  frequently  been  observed 
that  the  Jewish  people  seem  to  be  less  liable  than  other  peoples  to 
phthisis.  So  far  this  has  been  put  to  the  test  of  statistics.  In  1900, 
the  Jewish  population  in  London  numbered  approximately  73,000,  with 
a  phthisis  death-rate  of  12-3  per  .10,000,  and  in  1906  had  increased  to 
84,000,  with  a  rate  of  13-3  per  10,000.  The  following  Table  gives  some 
further  comparative  data  : — 

Table  XLIV 

London 


Proportion  of  Deaths  from  Plithisis  to  100  deaths 
from  all  cau.ses 

Annual  Death-rate  from  Phthisis 
jjor  1000  Persons  Living 

n        1  T>      w     /1891-1900  9-3 
General  Population |  ^g^g                          ^  2 

Jew.            r  1807-1901  9-2 
\ 1901-1906  5-6 

1891—1890  17-9 

1900  12-3 
1906  13-3 

These  better  results  have  been  attributed  to  the  higher  family-instinct 
among  the  Jewish  race,  which  leads  to  better  care  of  the  young  in  feed- 
ing, clothinw,  and  cleanliness.  Owing  to  the  scrupulous  care  exercised 
with  respect  to  the  flesh  meat  which  they  may  eat,  the  Jews  cannot  be  so 


'  B.M.J. ,  vol  ii.,  1900,  p.  904. 
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exposed  to  the  risks  of  infection  from  tubercular  flesh  of  any  animal,  and 
least  of  all  from  pork,  which  they  do  not  eat.  It  has  been  remarked  by 
those  competent  to  judge,  that  in  the  East  end  of  London  the  standard 
of  living  of  poor  Jews  with  respect  to  food,  clothing,  and  cleanliness  is 
higher  than  that  of  Gentiles  of  the  same  class. 

Tuberculins. — Koch's  original  tuberculin,  which  was  brought  forward 
in  1890,  was  a  clear  brownish  fluid,  obtained  by  filtering  through  a 
porcelain  filter  a  glycerine-broth  culture  of  the  tubercle-bacillus  and 
evaporating  the  filtrate  on  a  water-bath  to  one-tenth  its  original  volume. 
This  may  be  called  "  crude  "  tuberculin.  When  injected  in  small  doses 
into  the  body  of  a  person  or  animal  suffering  from  tuberculosis,  a  marked 
rise  of  temperature  ensued,  and  an  inflammatory  reaction  was  established 
around  any  tuberculous  foci  in  the  body.  If  the  latter  was  very  marked, 
necrotic  changes  took  place  in  the  periphery  of  the  foci  and  the  necrosed 
tissue  was  thrown  off.  This  form  of  tuberculin  ceased  to  be  used  because 
of  the  amount  of  constitutional  disturbance  it  produced  and,  also,  because 
of  the  exceedingly  small  doses  to  be  administered. 

In  1897,  however,  Koch  adopted  a  new  method  of  preparing  tuber- 
culin.^ He  took  highly  virulent  young  cultures  of  the  bacillus,  thor- 
oughly dried  them  and  ground  them  carefidly  in  an  agate  mortar  so  as 
to  liberate  the  specific  material  and  render  it  more  soluble  in  water. 
Distilled  water  having  been  added,  the  mixture  was  centrifugalised, 
which  separated  the  fluid  into  an  upper  layer,  opalescent  in  appearance 
and  bacilli-free,  and  a  lower  layer  of  deposited  solid  material.  This 
deposit  was  again  dried,  and  treated  de  novo  as  before.  In  like  manner 
the  clear  fliiid  layer  was  also  centrifugalised  until  it  became  quite  clear. 
The  upper  fluid  layer  obtained  after  the  first  centrifugalisation  Koch 
called  TO,  and  the  similar  layer  after  subsequent  treatment  and  centri- 
fugalisation of  the  solid  layer  he  called  TR.  This  TE,  fluid  yielded  a 
precipitate  when  treated  with  glycerine,  but  not  the  TO  fluid,  therefore 
the  TO  fluid  is  looked  upon  as  containing  substances  soluble  in  glycerine, 
and  the  TR  fluid  as  containing  substances  insoluble  in  glycerine.  The 
TO  fluid  is,  therefore,  more  nearly  akin  to  the  old  "  crude  "  tuberculin, 
while  the  TR  fluid  is  believed  to  be  not  only  free  from  the  dangerous 
properties  of  the  "  crude  "  preparation,  but  to  contain  valuable  extracts 
of  the  organism  ;  in  other  words,  Koch  was  of  opinion  that  all  the  im- 
munising substances  of  B.  tuberculosis  were  contained  in  the  TR  flmd, 
and  that  a  person  immunised  with  it  will  not  react  with,  relatively  large 
doses  of  the  TO  fluid.  The  effect  of  Koch's  TR  fluid  on  human  subjects 
was  discussed  by  several  users  of  it  at  the  Paris  Tuberculosis  Congress 
of  1898,  and  opinions  differed  as  to  its  value. 

Klebs,  in  1891,  after  having  considered  the  properties  of  the  "  crude  '" 
tuberculin  of  Koch,  formed  the  view  that  the  dangerous  element  which 
it  contained  was  of  an  alkaloidal  nature.  He  thereupon  produced  a 
substance,  said  to  be  freed  of  that  element,  which  he  called  "  tuber- 
culocidin."  This  he  held  to  be  very  destructive  to  the  tubercle 
bacillus,  to  be  free  from  injurious  effects,  and  to  be  of  therapeutic 
value. 

Maksutow  in  1897  objected  to  tuberculin  on  the  ground  that  it  was 
prepared  from  organisms  grown  on  artificial  media,  and  not  on  its 
1  Deui.  med.  Woch.,  No.  14,  1897  ;  ibid..  No.  48,  1901. 
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natural  soil,  and  that  it  was  most  likely  that  the  objectionable  property- 
it  possessed  was  due  to  the  fact.  He  proposed  to  substitute  in  its  place 
an  extract  froin  the  tuberculous  tissues  of  guinea-pigs,  from  which  was 
prepared  a  bacilli-fi'ee  substance  to  which  he  gave  the  name  of  "  tuber- 
culosetoxin."  For  this  substance  he  claimed  that  it  was  capable  of  im- 
munising animals  in  the  course  of  a  few  months.  In  1898,  Landmann 
discovered  what  he  called  "  tuberculol,"  which  consists  of  an  extract 
from  the  tubercle  -  bacillus  with  normal  saline,  distilled  water,  and 
glycerine  at  progressively  rising  temperatures,  the  first  extract  being 
made  at  40°  C,  and  the  last  at  100°  C.  The  final  product  was  composed 
of  the  mixture  of  these  different  extracts. 

The  treatment  of  phthisis  has  also  been  approached  from  the  anti- 
serum side,  Maragliano  having  prepared  an  anti-tubercle  serum  from  the 
horse.  The  animal  is  gradually  immunised  by  inoculation  with  a 
mix-ture  of  tuberculous  toxalbumins  of  watery  tuberculin  in  gradually 
increased  doses.  Its  therapeutic  value  has  varied  in  the  hands  of 
different  users.  This  line  of  treatment  was  keenly  criticised  by 
Landowzy,  who  predicted  failure  on  the  ground  that  to  obtain  an  anti- 
tuberculous  serum  of  real  therapeutic  value,  it  was  necessary  to  be  able 
to  immunise  an  animal,  and  that,  so  far  as  experience  had  shown,  was 
practically  impossible. 

Hirschfelder  in  1898  brought  forward  another  form  of  tuberculin, 
called  by  him  oxy-tuberculin,  made  by  cultivating  B.  tuberculosis  in  veal- 
broth  with  4  per  cent,  of  glycerine,  1  per  cent,  of  peptone,  and  0-5  per 
cent,  of  sodium  chloride,  to  which  ^  sodium  carbonate  is  added  in  the 
proportion  of  3  c.c.  per  Utre.  The  virulent  cultures  thereby  produced 
are  sterilised  by  heat  and  filtered,  and  tuberculin  is  obtained.  This 
tuberculin  is  then  oxidised  by  heating  at  100°  C.  for  120  hours,  adding  to 
it  every  twelve  hours  d\iring  the  heating  process  100  c.c.  of  oxygenated 
water  of  such  a  strength  that  one  volume  of  the  solution  is  capable  of 
liberating  10  volumes  of  oxygen.  Finally,  the  resulting  product  is 
slightly  alkalinised  with  soda  solution,  and  is  then  allowed  to  stand  for 
some  time.  It  is  thereafter  preserved  for  use  in  sealed  tubes  after  steril- 
isation by  heat,  or  by  adding  to  it  2  per  cent,  of  boric  acid  or  3  per  cent, 
of  glycerine.  It  is  administered  by  hj^odermic  injection  in  a  dose  of 
5  c.c.  for  the  first  week,  then  every  three  days,  rising  gradually  to  20  c.c. 
doses  or  more.  It  does  not  produce  a  rise  of  temperature.  Denys 
in  1902  prepared  a  tuberculin  by  growing  the  bacillus  in  glycerine-broth, 
filtering  and  using  the  filtrate,  no  heat  being  employed  in  any  part  of 
the  process. 

Tuberculin  Test  in  Bovine  Animals.— The  usual  dose  of  tuberculin 
for  a  cow  or  heifer  varies  from  35  to  45  milligrams  according  to  size 
of  animal.  The  part  to  be  injected  is  carefully  prepared  and  sterilised 
by  a  solution  of  1  :  500  corrosive  subUmate.  The  part  usually  chosen 
for  injection  is  behind  the  shoulder.  The  test  should  only  be  used  when 
the  animal  is  in  a  normal  state.  The  temperature  in  the  rectum  of  a 
healthy  cow  varies  between  100-5°  F.  and  102-5°  F.  The  temperature 
ought  to  be  taken  morning  and  evening  for  three  days  prior  to  use  of 
teat.  After  injection  of  the  tuberculin,  the  temperature  should  be  taken 
9,  12,  15, 18,  and  if  possible,  22  hours  thereafter.  In  a  reacting  animal, 
a  rise  of  temperature  takes  place  usuallv  between  the  twelfth  and  fifteenth 
2e 
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liour  after  injection,  but  sometimes  as  early  as  tlie  ninth,  and  occasion- 
ally as  late  as  the  eighteenth  hour.  The  rise  to  be  characteristic 
ought  to  be  2-5°  over  the  usual  temperature  of  the  animal,  and  it  may 
amount  to  5°  or  6°.  A  slight  rise  of  one  degree  or  one  and  a  half  degrees 
should  not  be  counted  as  a  reaction,  but  any  rise  over  1  -5°  and  below 
2' 5°  should  create  suspicion. 


CHAPTER  XI 


CHARACTERISTICS  OF  INFECTIVE  SUBSTANCES  OF 

ZYMOTIC  DISEASES 

As  has  already  been  indicated,  the  infective  agency  in  zymotic  diseases 
is  the  organism  or  its  spores.    Zymotic  diseases  differ  as  to  their  degree 
of  infectivity.    Each  disease  has  what  may  be  termed  its  striking 
distance,  that  is,  the  area  around  the  infected  person  within  which  the 
infective  material  will  take  effect  upon  a  susceptible  person.  Some 
diseases  have  long,  others  short,  and  others  intermediate  striking 
distances.    Smallpox  is  a  typical  example  of  the  first.    This  has  been 
fully  proved  with  respect  to  smallpox  hospitals  and  neighbouring  popu- 
lations.   For  this  reason,  the  Enghsh  Local  Government  Board  has 
advised  that  a  Local  Authority  should  not  contemplate  the  erection  of  a 
smallpox  hospital  on  any  site  where,  within  a  quarter  of  a  mile  of  it  as 
a  centre,  there  is  a  hospital  or  other  like  establishment  or  a  population 
of  150  to  200  persons,  or  within  half  a  mile  of  it  a  population  of  500  to 
600  persons.    Tj^phus-fever  affords  a  good  example  of  the  second. 
Whatever  the  nature  of  the  infective  agency,  it  appears  to  be  rapidly 
destroyed  or  neutralised  by  abundance  of  air,  for  the  infective  zone  is 
confined  to  the  immediate  vicinity  of  the  affected  person.    The  factor 
which  seems  largely  to  determine  the  area  of  infectivity  in  all  zymotic 
diseases  is  the  mode  or  channel  by  which  the  infective  material  is  shed 
from  the  body.    In  many  diseases,  as  erysipelas,  scarlet  fever,  measles, 
and  some  others,  it  is  thrown  off  not  only  in  the  bodily  secretions,  but 
also  in  the  exfoliated  scurf-skin,  and  thus  it  may  be  carried  for  con- 
siderable distances  by  the  air  or  upon  objects.    In  diphtheria  it  does 
not  spread  far  from  the  body  of  the  patient,  being  discharged  mainly  in 
the  moist  mucous  throat-secretions.    Too  much  has  been  made  of  the 
absence  of  the  specific  micro-organisms  from  the  expired  air  of  those 
suffering  from  zymotic  diseases.   The  experiments  of  Koeniger  and  others 
amply  denionstrate  that  the  mere  act  of  speaking  discharges  micro- 
organisms into  the  surroundings  of  the  patient,  as  also  the  acts  of 
coughing  and  sneezing.    Therefore,  in  those  zymotic  diseases  in  which 
the  organism  has  its  natural  habitat  in  the  air-passages  or  lungs,  it  must 
be  held  that  organisms  are  discharged  by  such  acts  as  those  named  to 
render  infective  the  air  around  the  patient.   In  enteric  fever  and  cholera, 
the  infective  matter  is  mainly  thrown  off  in  the  intestinal  discharges,' 
hence  so  long  as  these  are  in  a  moist  condition  the  infective  matter  is 
little  likely  to  become  air-borne ;  so  soon,  however,  as  the  discharges 
become  dry,  air-borne  infection  becomes  possible.    It  is  for  this  reas°on 
that  experience  has  demonstrated  the  relatively  non-contagious  character 
of  these  diseases. 

All  infective  diseases  pass  through  three  stages— vi^.  Incubation, 
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Invasion,  Injectivity.  These  are  arbitrary  terms,  however,  and  by  no 
means  indicate  sequential  conditions,  since  in  certain  diseases  infectivity 
is  contemporaneous  with  incubation  and  invasion.  The  duration  of 
these  periods  diflers  in  dili'erent  diseases.  Cholera  has  probably  the 
shortest,  and  leprosy  and  rabies,  the  longest  incubation-periods.  In- 
fectivity may  be  said  to  be  existent  in  any  case  from  the  time  the 
specific  organism  multiplies  in  the  body  until  it  ceases  to  exist.  While, 
for  example,  in  diphtheria  a  patient  may  have  apparently  recovered 
from  an  attack,  the  bacillus  may  be  found  for  varyingly  long  periods 
thereafter  in  the  nasal  or  throat  secretions,  and  in  enteric  fever,  in  the 
urine  and  especially  in  the  faeces  long  after  the  establishment  of 
apparent  recovery.  Incubation  may  be  defined  as  that  period  which 
comes  between  the  growth  of  the  specific  organism  in  the  body  and  the 
production  of  fever,  the  latter  being  the  indication  of  its  multiplication 
and  toxic  effect.  It  may  be  divided  into  two  stages — viz.  the  latent 
stage,  during  which  the  existence  of  the  organism  in  the  body  is  not 
detectable  by  clinical  symptoms  ;  and  the  invasive  stage,  during  which 
clinical  symptoms  indicate  bodily  attack  by  the  organism.  The  former 
has  to  do  with  the  growth  of  the  organism  itself,  the  latter,  with  the 
effects  of  the  growth  of  the  organism  upon  the  body.  Incubation-periods 
vary  in  duration  in  different  diseases. 


Table  XLV 
Short  Incubation-Periods  {1  to  6  days) 


Antlirax  (in  man) 
Cholera 
Diphtheria  . 
Erysipelas  . 
Glanders  (in  man) 
Influenza 
Foot-and-mouth  disease 
Puerperal  fever 
Scarlet  fever 
Relapsing  fever 
Plague 


Long  Incubation-Periods  (7  to  21  days) 

Whooping-cough  .... 
Typhus-fever  .... 
Smallpox     .  ... 
Chicken-pox  .... 
Rabies  (in  animals) 

,,  (in  man)  .... 
Enteric  fever  .... 

Measles   ..... 

Rotholn  10-14 

Mumps  14-21 

Yellow  fever  2-10 


.  7-14  days 
.  7-14  „ 
lO-lf)  „ 
10-15  „ 
6-24  „ 
6  woolis  to  2  years 
12-20  days 


Variable  In  cubation-Periods 

Malaria        ........   6-20  days 

Tuberculo.sis         ....    very  variable — usually  long 

Tetanus       .....„„:  within  10  days 
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Invasion  is  the  period  between  the  intervention  of  the  febrile 
symptoms  and  the  appearance  of  the  rash — where  a  skin-eruption  is  a 
usual  phenomenon.  In  scarlet  fever,  it  is  from  one  to  two  days;  in 
smallpox  and  typhus-fever,  from  two  to  three  days  ;  and  in  measles, 
from  three  to  five  days. 

Infectivity  is  the  period  during  which  the  infected  person  discharges 
from  his  body  infective  material.  Its  duration  is  limited  to  some 
extent  by  the  intensity  of  the  attack  and  the  time  which  elapses  before 
complete  restoration  to  health.  It  only  ceases  when  infective  material 
ceases  to  exist  in  or  to  be  discharged  from  the  body.  While  a  period  of 
forty  days  may  be  held  to  cover  the  period  in  the  majority  of  zymotic 
diseases,  it  must  be  held  subject  to  modification.  In  view,  for  example, 
of  the  liability  of  "  return"  cases  of  scarlet  fever  where  this  period  of 
isolation  has  been  observed,  the  period  of  isolation  or  infectivity  has  been 
extended  to  eight  weeks. 

The  infective  period  may  be  reckoned  to  last  in  the  following  diseases 
as  follows  : — 

In  cholem, — during  the  whole  period  of  discharges,  and  for  a  weelc  tliere- 
after ; 

In  smallpox  and  chicken-pox,— during  the  whole  ilkiesa  till  after  the  last 
particle  of  the  last  crust  has  fallen  from  tlie  body,  and  for  ten  days  there- 
'     after ; 

In  scarlet  fever, — dming  the  whole  illness  imtil  all  exfoliated  epidermis  has 
been  shed — eight  weeks  ;  or  longer,  if  ear  or  tliroat  sequelae  exist ; 

In  measles  and  Rotheln, — ^dm-ing  incubation-period,  through  febrile  and 
eruptive  stages,  imtil  all  epidermis  has  been  siaed — twenty-one  to  twenty- 
eight  days  ; 

In  whooping-cougli, — during  the  whole  period  of  attack,  even  before 
"  whooping  "  occurs^six  to  eight  weeks  ; 

In  mumps, — during  whole  illness,  till  ten  days  after  parotitis  has  disap- 
peared— not  less  than  twenty-eiglit  days  ; 

In  enteric  fever, — during  whole  illness,  vmtil  complete  restoration  to  health  ; 

In  diphtheria, — diu-ing  whole  ilhiess,  till  ten  days  after  bacillus  has  chs- 
appearod  from  throat  and  nasal  secretions — fom-  to  six  weeks  ; 

In  erysipelas, — from  beginning  of  inflammation  of  skin,  till  ten  days  after 
peeling  of  skin  has  ceased — three  to  fom-  weeks  ; 

In  plague, — during  whole  illness,  until  complete  restoration  to  health — a 
variable  period. 

Exposure  to  infection  impUes  the  possibility  of  attack,  and  conse- 
quently, the  question — How  soon  after  such  exposure  may  a  child  who 
has  not  previously  had  the  disease  be  permitted  to  return  to  school  ? 
— is  of  considerable  importance  with  reference  to  prevention.  The 
English  Medical  Officers  of  Schools  Association  has  established  a  code 
of  regulations  bearing  on  this  question,  the  substance  of  which  is  as 
follows : — After  thorough  disinfection  of  person  and  clothing,  the  child 
may  be  permitted  to  return  to  school  in  the  case  of  diphtheria,  after 
12  days  ;  in  measles,  after  16 ;  in  German  measles,  16  ;  in  smallpox 
and  chicken-pox,  18  ;  in  scarlet  fever,  M  ;  in  whooping-cough,  21 ;  and 
in  mumps,  24  days,  after  exposure  to  infection. 

Modes  of  Spread  of  Infeciive  Diseases. — The  liability  to  attack  by 
zymotic  diseases  is  determined  by  exposure  to  the  area  of  infection, 
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either  from  tin  infective  person  or  from  infective  material,  and  by 
predisposition,  susceptibility,  or  vulnerability.  The  power  of  a  zymotic 
disease  to  spread  depends  upon  the  character  of  the  infective  material 
and  its  capacity  to  live  outside  of  the  living  body  ;  for  example,  while 
tetanus  is  a  microbic  disease — ^the  B.  tetani  being  anaerobic — the  disease 
cannot  be  conveyed  from  person  to  person  by  the  air.  Again,  those 
infective  materials  which  quickly  succumb  to  fresh  air  and  sunlight  are 
limited  as  to  area  of  infectivity,  while  on  the  other  hand  those  which 
are  more  resistant,  and  are  capable  of  sustaining  an  existence  in  media 
outside  of  the  body,  as  in  soil,  food,  water,  sewage,  etc.,  have  therefore 
a  larger  field  of  infectivity.  The  modes  by  which  infection  may  be 
transmitted  are  as  follow  :  (1)  by  direct  contact  with  the  infective 
person  ;  (2)  by  contact  with  anything  which  has  been  in  contact  with 
an  infective  person ;  (3)  by  intercommunication  between  animals  and 
man  ;  (4)  transportation  by  insects,  as  the  common  house-fly,  mosquitos, 
gnats,  ants,  fleas,  etc.  ;  (5)  by  water  or  food  ;  and  (6)  by  the  air.  The 
Public  Health  Acts  make  it  penal  for  an  infective  person  to  expose  him- 
self or  herself  in  a  pubUc  place  or  vehicle,  and  for  articles  of  infective 
clothing  to  be  pawned  or  sold.  It  is  hkewise  penal  to  let  rooms  which 
have  been  occupied  by  a  person  sufiering  from  infective  disease  iinless 
and  until  the  rooms  have  been  disinfected.  The  room  occupied 
by  the  infective  sick  is  deemed  infective  until  it  has  been  disinfected, 
and  the  same  is  true  of  a  vehicle  which  has  been  hired  for  the  con- 
veyance of  the  infective  sick,  and  of  the  contents  of  the  room  or  vehicle. 

The  agency  of  insects  in  the  transmission  of  certain  diseases  of 
this  class  is  now  well  established,  particularly  of  insects  which  seek 
their  food  in  excrementitious  matter  and  those  w^hich  sting  and  suck 
the  blood  of  the  person.  To  the  agency  of  the  common  fly  must  be 
largely  attributed  the  widespread  epidemic  of  enteric  fever  in  South 
Africa  during  the  currency  of  the  war  in  1900-1902,  and  to  a  more 
limited  extent  perhaps,  the  greater  prevalence  of  that  disease  in  privy- 
midden  towns ;  indeed,  flies  fed  on  food  containing  cholera-bacilli 
pass  these  uninjured  in  their  excreta.  The  common  flea  is  deemed 
by  many  to  be  a  factor  in  the  spread  of  plague,  and  B.  festis  has  been 
found  in  their  bodies ;  and  mosquitos — ^the  Anopheles  viaculipemiis, 
Culex  pipiens,  and  one  or  two  others — have  been  proved  to  be  im- 
portant hosts  of  one  form  or  another  of  the  malarial  parasite.  Many 
other  disease-bearing  insects  might  be  mentioned,  as  the  tsetse-fly  ^  in 
the  production  of  the  disease  of  that  name  among  cattle,  and  the 
Bodphilus  bovis  in  Texas  fever  of  cattle.  Of  the  w^ater-borne  zymotic 
diseases,  cholera,  dysentery,  and  enteric  fever  are  probably  the  chief. 
These  have  been  ,  already  discussed.  Of  foods,  milk  is  probably 
the  most  liable  to  convey  infective  matter,  as  it  is  one  of  the  best  natural 
absorbents  of  infective  or  septic  matter,  and  moreover  offers  an  excel- 
lent nutrient  medium  for  the  growth  of  organisms.  Milk-borne  epi- 
demics of  enteric  fever,  diphtheria,  and  scadet  fever  are  far  from  un- 
common.   Unused  milk  which  has  been  exposed  in  a  sick-room  ought 

1  For  information  regii,rding  the  connection  between  tliis  in?iect  and 
sleeping  sickness  or  trypanosomicuiis  in  man  in  Soutli  Africa,  see  "  Report  on 
the  Measures  for  tlie  Suppression  of  Sleeping  Siclmess  in  Uganda,"  by  Sir  H. 
Hesketh  Bell,  1909.    Colonial  Reports  (Cd.  4990). 
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to  be  treated  as  slops,  and  should  not  be  partaken  of  by  healthy  persons. 
In  prevailing  epidemics  of  these  diseases,  the  safest  plan  is  to  boil  the 
milk  for  some  minutes,  in  order  to  destroy  all  contained  microbes  and 
spores.  Air-borne  infection  is  probably  the  chief  source  of  most  of  the 
zymotic  diseases.  Bacteriological  examination  of  the  air,  street-dust, 
and  soil  of  populous  places  indicates  the  enormous  number  of  organisms 
contained  therein,  and,  further,  that  the  air  is  richer  in  organisms  the 
drier  the  weather. 

The  proximate  modes  by  which  infective  material  enters  the  body 
are  these :  (1)  inhalation;  (2)  ingestion;  (3)  inoculation;  (4)  absorj)- 
tion.  In  certain  zymotic  diseases  the  type  of  attack  differs  as  is  the 
chief  organ  attacked ;  in  plague,  for  example,  in  certain  cases  the 
type  is  pneumonic,  in  others  bubonic,  and  in  others  septiciBmic.  So 
that  while  infective  diseases  have  elective  seats  of  action,  in  certain 
of  them  there  may  be  more  than  one  elect  seat. 

The  means  by  which  the  spread  of  infective  diseases  is  prevented 
or  minimised,  are  the  following — ^viz.  {1)  Prophylaxis  ;  (2)  Notification  ; 
(3)  Isolation  and  Quarantine  ;  (4)  Disinfection. 

Prophylaxis  is  operative  especially  during  the  interval  of  an  im- 
pending outbreak  of  zymotic  disease  and  its  actual  appearance  in  a 
population.  Prophylactic  measures  include  :  (1)  general  instructions 
to  the  people  as  to  means,  personal  and  domestic,  best  calculated  to 
ward  off  the  disease ;  (2)  special  attention  to  the  working  efficiency  of 
sanitary  measures,  and  the  institution  of  protective  measures,  as  for 
example,  vaccination  in  smallpox  ;  and  (3)  the  establishment  of  a 
cordon  between  non-infected  and  infected  inland  countries  or  districts, 
or  non-infected  and  infected  por-ts  in  seaboard  countries. 

The  other  modes  come  into  effective  operation  immediately  the 
first  case  of  the  disease  appears,  and  they  aid  in  checking  or  limiting 
the  further  extension  of  the  outbreak. 

Notification  of  infectious  diseases  supplies  a  powerful  instrument  to 
Sanitary  Authorities,  first  in  enabling  them  to  locate  the  area  of  the 
disease,  to  track  its  origin,  to  watch  the  lines  of  its  extension,  and  to 
gauge  its  progress  by  the  knowledge  which  is  obtained  of  the  number  of 
persons  attacked ;  and  second,  to  concert  suitable  measures  of  isola- 
tion and  disinfection  to  prevent  its  extension.  The  Public  Health 
(Scotland)  Act,  1897,  section  47  (4),  gives  power  to  the  Sanitary  Autho- 
rities to  remove  if  necessary  all  the  inhabitants  of  houses  within  an 
infected  area  to  places  provided  by  the  Authority,  so  that  thorough 
measures  of  disinfection  may  be  overtaken.  The  Infectious  Diseases 
(Notification)  Act  of  1889,  although  at  first  a  permissive  or  adoptive 
Act,was  largely  adopted  by  Sanitary  Authorities  throughout  the  country. 
It  is  still  a  permissive  or  adoptive  Act  for  Ireland,  but  has  been  made 
compulsory  for  Scotland  by  virtue  of  section  44  of  the  Public  Health 
(Scotland)  Act,  1897,  and  for  England  and  Wales  by  the  Infectious 
Diseases  Notification  (Extension)  Act,  1899.  When  the  Act  is  adopted 
in  any  urban  or  rural  district,  the  duty  of  notifying  the  existence  of  any 
one  of  the  diseases  named  in  the  schedule  of  the  Act  falls  upon  :  (1) 
the  parent  or  guardian  of  the  sick  peison,  and  (2)  upon  the  medical 
attendant.  The  scheduled  diseases  are  :  Smallpox,  cholera,  diphtheria, 
membranous  croup,  erysipelas,  scarlet  fever,  typhus-fever,  enteric  fever, 
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relapsing  fever,  continued  fever,  and  puerperal  fever.    It  is  conipetenl 
lor  any  Local  Authority  to  add  to  the  list  of  diseases  above  named  aftei 
due  notice,  conform  to  the  terms  of  the  Act,  has  been  publicly  criven 
J<orms  of  certificate  are  supplied  by  the  Authority  to  every  medical 
practitioner,  for  each  of  which,  duly  filled,  a  fee  of  2s.  fid.  is  payable  for 
a  private  patient,  and  of  Is.  for  patients  in  public  institutions  or  in 
public  practice.    Failure  to  notify  is  attended  by  a  fine  not  excecdin<r 
4Us.    It  ought  to  be  observed  that  the  Act  does  not  confer  powers  upon 
Local  Authorities  to  remove  patients  compulsorily,  or  to  enter  the  houses 
of  the  sick.    Such  powers  may,  however,  be  obtained  on  a  warrant 
.   Irom  a  magistrate,  by  virtue  of  the  Public  Health  Acts.    In  order  to 
derive  the  highest  measure  of  benefit  from  this  Act,  it  is  necessary  for 
Local  Authorities  to  institute  sufficient  hospital-accommodation  for 
those  who  cannot  efficiently  be  isolated  at  home,  and  in  addition  re- 
ception-houses or  houses  for  "  contacts,"  i.e.  those  who  have  been  in 
contact  with  the  sick,  for  the  lodgment  of  such  persons  during  the 
incubation-period  of  the  disease  and  while  their  homes  are  undergoiuK 
cleansing  and  disinfection. 

Isolation  and  quarantine  are  valuable  means  of  checking  the  spread 
of  disease,  and,  although  they  do  not  mean  the  same  thine,  subserve 
the  same  purpose.    The  former  in  practice  means  the  separation  of 
the  infective  sick  from  the  healthy  in  such  circumstances  as  will  pre- 
vent, as  far  as  can  be,  the  spread  of  the  disease,  and  for  such  periods 
of  time  as  infectivity  prevads.    Quarantine  means  the  separation  from 
the  healthy  of  persons  who,  although  themselves  not  yet  activelv  in- 
fected, may  become  infective,  and  of  things  which  may  be  the  passive 
carriers  of  infection  from  an  infected  area,  fer  such  space  of  time  as  \\^U 
demonstrate  whether  or  not  the  former  will  become  actively  infected, 
and  as  will  enable  disinfection  to  be  employed  in  respect  of  the  latter! 
Ihe  practice  of  quarantine,  however,  does  not  cover  the  period  of  time 
(torty  days)  involved  in  the  literal  meaning  of  the  word.    It  is  usually 
confined  to  sea-gomg  trafiic  in  seaboard  countries,  and  to  passengers 
and  luggage  at  frontier  towns  in  inland  countries.    By  the  Convention 
of  Vemce  of  1897,  which  was  intended  to  prevent  the  spread  of  plague, 
it  IS  incumbent  upon  the  Government  of  an  infected  country  to  institute 
measures  to  prevent  the  exportation  from  its  infected  area  of  mer- 
chandise capable  of  carrying  the  infection;   non-compliance  with 
this  agreement  enables  the  other  countries  to  impose  restrictions 
on  persons  or  merchandise  coming  from  any  port  of  the  infected 
country,  notwithstanding  the  absence  of  plague  from  the  port  in 
question.  ■  ^ 

i8Q7^^  International  Sanitary  Convention  of  Venice  of 

1897  was  international  protection  against  plague  in  those  countries  the 
representatives  of  which  took  part  in  the  Convention.  The  Convention 
binds  each  Government  to  notify  to  the  other  Governments  "  the 
existence  of  cases  of  plague,  the  places  where  they  have  occurred,  the 
date  o±  their  appearance,  the  number  of  cases  reported,  and  the  number 
of  deaths,  and  it  made  the  stipulation  that  in  these  reports  information 
should  particularly  be  given  respecting  the  measures  devised  and  taken 
to  checlc  the  propagation  of  the  disease,  and,  in  detail,  the  preventive 
measures  adopted  as  regards  medical  inspection,  isolation,  disinfection, 
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and  the  measures  prescribed  regarding  the  departure  of  ships  from  ports, 
and  the  export  of  susceptible  articles.  The  L.  G.  Board  of  Scotland 
issued  to  Local  Authorities  on  4th  October,  1900,  a  Circular  drawing  their 
attention  to  the  duties  devolving  upon  them  in  the  light  of  the  provisions 
of  that  Convention.^ 

The  chief  provisions  of  the  Venice  Convention  are  as  follow  : — 
Section  I. 

1.  The  Government  of  an  infected  country  must  notify  to  the  other 
Governments  the  existence  of  all  cases  of  plague. 

2.  The  notification  shall  state  the  existence  of  such  cases,  the  places 
where  they  have  occurred,  the  date  when  they  appeared,  the  number 
of  cases  reported,  and  the  number  of  deaths.  Such  notification  shall  be 
made  to  the  diplomatic  or  consular  agents  in  the  capital  of  the  infected 
country,  or,  where  there  is  no  such  representative,  directly  to  foreign 
Governments.  The  first  notification  shall  be  followed  by  weekly  com- 
munications for  the  purpose  of  keeping  the  other  Governments  informed. 

3.  The  reports  relative  to  the  outbreak  and  course  of  the  disease 
must  be  as  complete  as  possible,  and  shall,  in  particular,  state  the 
measures  taken  to  check  its  spread,  and  the  preventive  measui-es  adopted 
with  regard  to  medical  inspection,  isolation,  disinfection,  and  the 
measures  laid  down  respecting  departing  ships  and  the  export  of  articles 
susceptible  of  carrying  infection. 

4.  The  Government  of  each  country  must  immediately  publish  the 
measm-es  which  it  decides  to  adopt  with  regard  to  arrivals  from  an 
infected  country  or  local  area,  and  shall  at  once  communicate  the  same 
to  the  agent  of  the  infected  country  resident  in  the  capital,  or,  in  the 
absence  of  such  agency,  direct  to  the  Government.  The  withdrawal 
or  modification  of  these  measures  shall  be  communicated  in  the  same 
manner. 

Section  II.  Conditions  under  which  a  local  area  (that  is,  any  portion  of 
the  territory  of  a  country  under  a  recognised  administrative 
authority)  is  to  be  considered  infected  or  healthy. 

1.  Any  area  in  which  a  case  of  plague  has  been  officially  reported  to 
exist  will  be  considered  to  be  infected. 

2.  Any  such  area  will  cease  to  be  so  considered  Avhen  it  is  officially 
reported  that  no  death  from  or  fresh  case  of  plague  has  occurred  for  ten 
days  after  recovery  or  death  of  the  last  case,  provided  that  necessary 
disinfection  has  been  carried  out. 

3.  Preventive  measures  shall  be  put  in  force  as  regards  the  infected 
territory  as  soon  as  cases  of  plague  are  officially  reported,  and  such 
measures  shall  be  discontinued  when  it  is  officially  declared  that  the  area 
has  again  become  healthy.  The  occurrence  of  a  jeiv  imported  cases  in  a 
local  area  shall  not  be  regarded  as  tvarranting  resort  to  these  measures,  sin- 
less these  cases  give  rise  to  others. 

Section  III.  Necessity  of  restricting  to  the  infected  local  areas  the  pre- 
ventive measures  adopted. 
In  order  that  the  preventive  measures  adopted  be  restricted  to  the 
infected  area,  the  Governments  must  apply  them  to  ships,  persons,  and 
things  from  infected  areas  only,  provided  that  the  Government  of  the 

I  Public  Ho.vlth  (Scotland)  Act,   18<)7.    luHtnictioas,  Forms,  otc;.,  1903, 
p.  130.    Ls.iued  by  tlio  Lociil  Govominont  Board  for  Scotland. 
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infected  country  takes  the  necessary  measures  to  prevent  the  export 
of  susceptible  articles  derived  from  the  infected  area ;  no  restrictive 
measures  should  be  enforced  against  ships,  persons,  or  things  from  an 
infected  area,  if  they  left  it  at  least  five  days  before  the  occurrence  of  the 
first  case  of  plague. 

Seclion  IV.  Susceptible  goods  and  articles  considered  in  relation  to 
rules  regarding  the  prohibition  of  import  or  of  transit,  and  to  rules 
regarding  disinfection. 

1.  Import  and  Transit 

1.  The  following  is  a  list  of  susceptible  articles  and  goods  the  importa- 
tion of  which  may  be  prohibited  : — 

(a)  Body-linen,  clothes  that  have  been  worn,  and  bedding  that 

has  been  iised  ;  soldiers'  and  sailors'  kits  being  returned 

home  after  death  of  their  owners  ; 
(6)  Eags,  carried  as  merchandise  in  bales  ; 
(c)  Used  sacks,  carpets,  and  used  embroidery  ; 
{d)  Eaw  hides,  untanned  and  fresh  skins  ; 
(e)  Fresh  animal  -  refuse,  claws,  hoofs,  horse -hair,  hair  of 

animals  generally,  raw  silk  and  wool. 
(/)  Human  hair. 

2.  The  transit  of  such  goods  packed  in  such  way  that  they  cannot 
be  handled  on  the  way  must  not  be  forbidden.  When  such  are  trans- 
ported in  such  a  manner  that  they  cannot  have  come  into  contact  with 
contaminated  objects  during  the  journey,  their  transit  through  an 
infected  local  area  must  not  bar  their  impoi-tation  into  the  country  to 
which  they  are  consigned.  The  rules  prohibiting  import  of  susceptible 
goods  and  articles  shall  not  be  applied  where  it  is  proved  to  the 
authority  of  the  country  of  consignation  that  they  were  dispatched  at 
least  five  days  before  the  occurrence  of  the  first  case  of  plague. 

3.  Merchandise  must  not  be  kept  in  quarantine  on  land  frontiers. 
Absolute  prohibition  of  impoi-tation  or  disinfection  if  imported  are  the 
only  measures  which  must  be  taken. 


2.  Disinfection 

Disinfection  shall  be  compulsory  in  the  case  of  soiled  linen, 
wearing- apparel,  clothes  and  articles,  carried  as  personal  baggage  or 
household  goods,  if  they  come  from  an  infected  area  and  if  the  local 
Sanitary  Authority  deem  them  contaminated  ;  and  with  regard  to 
merchandise,  only  such  merchandise  and  articles  which  the  Sanitary 
Authority  considers  contaminated,  or  whose  importation  may  be  pro- 
hibited. 

The  manner  by  which,  and  the  place  where  such  disinfection  shall  be 
carried  out  shall  rest  with  the  Authority  of  the  country  to  which  articles 
are  consigned,  and  the  disinfection  must  be  carried  out  so  as  to  injure 
articles  as  little  as  possible,  compensation  to  be  made  by  the  country 
carrying  out  the  disinfection  in  cases  of  damage. 

Letters  and  correspondence,  printed  matter,  books,  newspapers, 
business  documents,  etc.  (not  including  pai-cels  received  through  the 
post),  shall  be  subject  to  no  restrictions  or  disinfection. 
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Section  V.  Deals  witli  measures  to  be  taken  on  land  frontiers,  and  with 
regard  to  railway  traffic  and  travellers. 
Governments  reserve  to  themselves  the  right  to  take  special  measures 
with  regard  to  certain  classes  of  people,  especially  gipsies  and  vaga- 
bonds, and  emigrants  and  persons  travelling  or  crossing  the  frontier  in 
bands. 

Section  VI.  Deals  particularly  with  frontier  tracts. 

Section  VII.  Deals  with  water-ways,  rivers,  canals,  and  lakes,  which 

communicate  between  difierent  countries. 
Section  VIII.  Deals  with  ocean-traffic  and  the  measures  to  be  taken  at 

ports. 

1.  Any  ship  with  plague  on  board,  or  on  board  of  which  one  or  more 
cases  have  taken  place  within  twelve  days,  will  be  considered  infected. 

2.  Any  ship  which  had  a  case  of  plague  on  board  at  time  of  departure 
but  on  which  no  fresh  case  has  occurred  for  twelve  days,  will  be  con- 
sidered as  suspicious. 

3.  Any  ship,  even  though  from  an  infected  port,  which  has  had  no 
death  from  plague  nor  case  of  plague  on  board,  either  before  depai-ture, 
during  the  voyage,  or  on  arrival,  will  be  considered  as  healthy. 

4.  Infected  ships  are  subject  to  the  following  rules  : — 

(rt)  The  sick  shall  be  immediately  disembarked  and  isolated. 

(6)  Other  persons  on  board  must  also,  if  possible,  be  disem- 
barked and  kept  under  observation  or  surveillance  for  a 
period  varying  according  to  the  sanitary  condition  of 
the  ship  and  the  date  of  the  last  case,  but  which  must  not 
exceed  ten  days. 

(c)  Soiled  linen,  personal  belongings,  and  articles  belonging 
to  crew  and  passengers,  which  in  the  opinion  of  the  port 
Sanitary  Authority  shall  be  considered  as  contaminated, 
shall  be  disinfected. 

((Z)  Bilge-water  shall  be  pumped  out  after  disinfection,  and 
good  drinking-water  shall  be  substituted  for  the  water 
stored  on  board. 

{e)  All  pariis  of  the  ship  which  have  been  inhabited  by  plague 
patients  must  be  disinfected,  but  more  extensive  dis- 
infection may  be^'ordered  by  the  port  Sanitary  Authority. 
Suspected  ships  are  to  be  subjected  to  : — 

{a)  medical  inspection  ;  and 


Sui-veillance  should  be  kept  over  the  health  of  the  crew  and  passengers 
for  ten  days  from  date  of  ship's  arrival ;  that  is  to  say,  crew,  etc.,  shall  at 
once  receive  free  pratique,  but  on  arriving  at  their  destination  they  will 
be  subject  to  medical  inspection  {vide  Order  as  to  Cholera,  Yellow  Fever, 
and  Plague,  p.  464). 

Healthy  ships  shall  at  once  be  given  free  pratique,  but  the  port 
Sanitary  Authority  may  enforce  those  measures  applicable  to  suspected 
ships,  except  that  measure  with  regard  to  disinfection  of  the  ship  itself. 

Special  measures  nuiyi^bc^pre8cribed|for  crowded  sliii)s,  especially 
emigrant  ships,  or  any  ship  in  an  insanitary  condition. 


Ui  PUBLIC  HEALTH 

Any  ship  objecting  to  submit  to  obligations  imposed  by  tlie  poii 
Authority  shall  be  free  to  put  back  to  sea. 

Goods  arriving  by  sea  nmst  be  treated  in  the  same  way  as  "oods 
aniving  by  land,  as  regards  disinfection,  prohibition  of  import,  transit, 
and  quarantine.  Disembarkation  of  goods  may  be  authorised  after 
(ff)  isolation  of  ship,  crew,  and  passengers,  (6)  pumping  out  bilge-water 
after  disinfection,  (c)  substitution  of  good  drinking-water  for  the  water 
stored  on  board.  Passengers  desirous  to  land  shall  only  be  permitted 
so  to  do  on  giving  an  undertaking  that  they  will  submit  to  the  measures 
prescribed  by  the  port  Authority. 

Each  country  must  provide  at  least  one  poj-t  on  each  of  its  sea- 
boards with  the  organisation  and  equipment  necessary  to  enable  it  to 
receive  a  ship,  whatever  its  sanitary  state. 

The  Cholera,  Plague,  and  Yellow  Fever  Orders  of  the  English  and 
Scottish  Local  Government  Boards  also  contribute  towards  the  pre- 
vention of  the  introduction  of  these  diseases  into  Great  Britain.  By 
virtue  of  the  Pubhc  Health  Act,  1875,  section  130,  the  former  issued 
regulations  on  this  subject  in  the  form  of  an  Order,  dated  9th  November 
1896,  and  in  virtue  of  the  provisions  of  Part  IV.  of  the  Pubhc  Health 
(Scotland)  Act,  1897,  the  latter  also  issued  regulations  of  date  3rd  January 
1898,  the  terms  of  both  of  which  will  be  considered  later  {vide  p. 

The  Quarantine  Law  of  1893  of  the  United  States  makes  it  unlawful 
for  any  vessel  from  a  foreign  port  to  enter  any  por-t  in  the  United  States 
unless  and  until  a  certificate  of  a  clean  bill  of  health  has  been  obtained 
from  the  consular  or  medical  officer  of  the  United  States  at  that  foreign 
port ;  no  vessel  shall  enter  a  port,  or  discharge  its  cargo,  or  land  its 
passengers,  except  upon  a  certificate  of  the  officer  of  health  at  the  quar- 
antine-station ;  where  an  infected  vessel  arrives,  it  is  remanded  to  the 
quarantine-station  for  the  necessary  disinfection  and  treatment  of  vessel, 
passengers,  and  cargo,  and,  thereafter,  on  a  cer-tificate  from  the  health 
officer  that  the  vessel  is  free  from  infectious  disease,  or  danger  of  carrpng 
the  same,  it  shall  be  admitted  into  port ;  w^hen  cholera  or  other  infectious 
diseases  in  a  foreign  country  may  cause  serious  danger  to  the  United 
States  by  its  or  their  introduction,  power  is  given  to  the  President  to 
prohibit,  in  whole  or  in  pai-t,  the  introduction  of  persons  and  property 
from  such  countries  or  places,  and  for  such  period  of  time,  as  he  may 
deem  necessary. 

Ships  which  come  from  an  infected  port  are  required  to  he  out 
at  sea,  or  in  the  port  roadway  within  a  prescribed  anchorage,  until 
crew  and  passengers  have  been  examined  by  the  port  Sanitary  Authority, 
and  until — if  sickness  has  occurred  during  the  voyage— the  ship  and 
cargo  have  been  disinfected.  If,  on  the  other  hand,  a  clean  bill  of  health 
be  presented,  and  the  number  of  days  which  have  elapsed  betw  een  the 
d.ate  of  sailing  from  the  infectedport  and  the  date  of  arrival  at  the  quaran- 
tine-station be  in  excess  of  the  incubation-period  of  the  disease  the  intro- 
duction of  which  is  feared,  all  that  remains  to  be  done  is  disinfection  of 
ship  and  cargo.  If  the  number  of  days  be  less,  and  if  a  sick  bill  be  i 
presented,  then  the  crew  and  passengers  are  not  allowed  on  shore  till  { 
the  period  of  incubation  is  past,  or,  if  in  apparent  health,  until  after  the 
addresses  of  their  destination  have  been  obtained. 

It  has  been  found  advisable  in  populous  places  to  provide  retaining 
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or  reception  houses  wliicli  are  practically  quarantine-stations  or  stations 
of  observation,  wherein  to  place  persons  occupying  houses  of  one  or  two 
apartments  in  which  infective  disease  has  broken  out,  and  where  they 
may  be  retained  at  nuinicipal  expense,  until  it  is  definitely  proved  that 
they  have  not  become  subjects  of  the  disease.  Such  houses  form  a 
valuable  adjunct  to  sanitary  equipment,  since  they  deal  with  that 
population  amongst  which  insanitary  conditions  most  generally  prevail, 
and  which  therefore  demands  most  supervision. 

Isolation  is  either  effected  in  the  home,  or  in  special  isolation-hospitals 
for  the  reception  of  the  aSected  sick.  The  possibility  of  efficient  isola- 
tion in  the  home  depends  (1)  upon  adequacy  of  room-space ;  (2)  efficient 
separation  of  sick-room  from  the  rest  of  the  occupied  rooms  ;  (3)  proper 
nursing  by  one  whose  sole  duty  is  confined  to  the  sick-room  ;  and  (4) 
suitable  means  of  disinfection  of  clothing,  etc.,  during  the  currency  of 
the  illness.  Under  ordinary  circumstances,  it  is  impossible  to  attain 
efficient  isolation  in  houses  of  three  apartments  or  fewer,  and  even  in 
larger  houses  the  problem  is  difficult.  It  is,  then,  a  safer  practice  to 
send  the  patient  to  an  isolation-hospital. 

Disinfection  means  those  operations  which  are  carried  out  against 
the  infective  material  to  destroy  it,  whether  it  be  from  the  body  of  the 
infected  person,  his  clothing,  bed-clothing,  or  in  the  room  which  he  has 
occupied,  and  its  contents.  Efficient  disinfection  includes  them  all. 
From  imperfect  disinfection  disease  is  disseminated,  and  disinfective 
measures  more  usually  err  on  the  side  of  inefficiency  than  of  over- 
carefulness. 
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DISINFECTION 

Disinfection  includes  all  those  processes  the  object  and  effect  of  which 
are  the  destruction  of  infective  matter,  the  nature  of  the  process  bein" 
regulated  by  the  character  of  the  material  which  encloses  or  carries  the 
materies  m.orU.  A  disinfectant  may  be  defined  as  an  agent  which 
destroys  the  power  of  infective  matter  to  further  produce  disease. 
Unfortunately  the  term  is  used  indiscriminately  to  cover  a  number  of  the 
most  valuable  as  well  as  the  most  inept  substances.  This  has  doubtless 
arisen  from  the  nebulous  conceptions  which  formerly  existed  regarding 
the  entity  of  infective  matter.  Often  associated  wdth  disagreeable 
odours,  infective  matter  was  supposed  to  be  rendered  inert  by°the  use 
of  deodorants.  Since  the  microbic  constitution  of  infective  matter 
becanae  established,  however,  such  views  have  had  to  be  revised,  and 
the  disinfecting  power  of  any  substance  or  agent  must  now  be  gauf^ed 
by  the  measure  of  its  capability  to  destroy  micro-orgam'sms  and  their 
spores. 

Disinfectants  may  be  divided  into  :  (1)  Physical  Agents;  and  (2) 
Chemical  Substances. 

The  principal  physical  agents  which  are  inimical  to  microbic  life  are  : 
{a)  Light;  (6)  Heat;   (c)  Cold.    Light,  especially  direct  sunlight,  is 
very  destructive  of  micro-organisms  after  variable  periods  of  exposure. 
Experiments  have  abundantly  proved  that  such  exposure  is  rapidly 
lethal  to  the  organisms  of  erysipelas,  enteric  fever,  tubercle,  and  anthrax, 
and  m  the  case  of  others,  if  they  are  not  actually  killed,  that  their 
vitality  and  virulency  are  at  least  minimised.    Such  facts  as  these  in- 
dicate the  need  for  good  lighting  of  houses,  the  value  of  open  spaces  and 
of  good  bmlding-regulations,  and  the  prevention  of  smoke-production. 
An  adjuvant  to  good  light  is  abundance  of  air.    Of  air  as  a  germicide 
it  may  be  said,  that  when  it  is  fresh  and  abundant,  it  so  dilutes  infective 
matter  as  to  reduce  the  \arulency  of  organisms,  if  not,  indeed,  to  destroy 
the  orgamsms.    As  has  already  been  said,  the  area  of  infectivity  of 
typhus  and  other  diseases  is  limited  by  the  free  diffusion  of  air,  and  in 
the  case  of  anaerobic  organisms  which  are  not  facultative  aerobes,  it 
arrests  their  operation  entirely.    The  combination  of  air  and  sunlight 
has  an  important  effect  in  the  destruction  of  micro-organisms  in  water 
and  sewage.    The  effect  of  such  combination  is  included  in  the  purifj^ng 
effects  of  sedimentation  in  water-supplies. 

Heat  is  a  valuable  bactericide  when  applied  either  as  dry  air,  moist 
air,  \yater,  or  steam.  It  is  best  adapted  for  the  disinfection  of  body- 
clothing,  bed-clothing,  and  room-furnishings,  as  carpets,  rugs,  cushions, 
etc.,  which  have  been  exposed  in  an  infected  room.  For  clothing  which 
will  not  be  injuriously  affected,  boiling  in  water  for  twenty  minutes  to 
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half-an-liour  will  completely  disinfect  them.  Sncli  treatment  is  suitable 
for  cotton  and  linen  fabrics.  For  woollen  fabrics,  feathers,  hair-mattresses, 
etc.,  however,  the  most  suitable  treatment  is  by  heated  moist  air,  or  by 
steam.  Dry  heated  air,  even  under  pressure,  has  been  found  by  different 
experimenters  to  be  inefficient,  unless  at  such  temperatures  as  are  bound 
to  scorch  certain  of  the  materials  subjected  to  it.  In  order  to  destroy 
organisms  and  spores  a  temperature  between  212°  and  220°  F.  is 
necessary,  and  it  has  been  found  impossible  by  dry  heated  air  to  obtain 
this  temperature  in  the  interior  of  a  mattress  even  after  long  periods  of 
exposure.  Moreover,  according  to  the  experiments  of  Koch  and  others 
with  dry  heated  air,  an  exposure  of  four  hours  to  a  temperature  of  220° 
F.  is  necessary  to  destroy  spores,  Avhereas  with  steam  at  212°  F.,  ex- 
posure for  five  minutes  will  efiect  the  purpose.  Consensus  of  opinion, 
arrived  at  by  direct  experimentation,  is  now  solely  in  favour  of  moist 
heat.  In  an  efficient  disinfector  where  moist  steam  is  used,  the  foUomng 
are  essential  points  :  (1)  that  the  steam  under  pressure  should  permeate 
thoroughly  the  articles  to  be  disinfected ;  (2)  that  the  temperature  of  the 
steam  should  be  between  221°  and  270°  F.  ;  and  (3)  that  the  apparatus 
is  so  constructed  that,  alternately,  hot  dry  air  and  moist  steam  within 
the  foregoing  range  of  temperature  should  be  passed  into  the  chamber 
containing  the  articles  to  be  disinfected.  The  disinfector  constructed 
on  the  Washington-Lyon  principle  by  Messrs.  Manlove,  Alhott  &  Co.  is 
one  of  the  best,  and  a  description  of  the  mode  of  using  it  will  suffice  for 
this  type  of  disinfector  of  which  there  are  several  kinds  with  insignificant 
differences,  and  many  makers. 

This  disinfector,  which  is  oval  in  shape  and  constructed  of  steel, 
consists  of  an  outer  and  inner  chamber,  the  former  being  called  the 
jacket,"  in  respect  that  it  envelops  the  latter.  When  the  apparatus 
is  working,  it  is  filled  with  steam  at  a  pressure  of  20  lbs.  per  square 
inch  and  of  a  temperature  of  260°  F.  In  the  inner  chamber  is  a  movable 
cradle  or  basket,  made  of  galvanised  iron  wire,  in  which  the  articles  to 
be  disinfected  are  placed.  By  means  of  valves,  communication  may 
be  established  between  the  outer  and  inner  chamber,  both  for  filling  the 
latter  with  steam  and  for  emptying  it  partially  of  air.  The  disinfector, 
then,  being  in  worldng  order,  the  following  is  a  description  of  the  process 
of  disinfection  from  beginning  to  end  :  The  inner  chamber  door  is  opened, 
the  cradle  is  pulled  out,  and  the  articles  are  placed  in  it.  The  cradle  is 
then  pushed  back  into  the  chamber,  and  the  steam-tight  dgors  are  shut. 
Steam  under  the  conditions  above  mentioned  having  beeti  meanwhile 
filling  the  outer  chamber,  the  air  of  the  inner  chamber  is  partially  ex- 
hausted by  the  action  of  a  steam  nozzle,  the  effect  being  to  produce  a 
partial  vacuum  within  the  chamber.  At  this  stage  the  communication 
between  the  two  chambers  is  opened,  steam  rushes  into  the  inner  chamber 
under  considerable  pressure,  and  forces  itself  into  the  pores  of  the  articles. 
This  part  of  the  process  lasts  for  not  less  than  twenty  minutes,  but  the 
time  may  be  extended  if  the  nature  of  the  articles  makes  it  necessary. 
The  communication  between  the  chambers  is  now  closed,  the  steam  of 
the  inner  chamber  is  now  blown  out,  a  paiiiial  vacuum  is  once  more 
established,  and  hot  air  takes  the  place  of  the  steam.  The  hot  air  takes 
up  any  moisture  which  may  have  become  condensed  upon  the  articles, 
which  are  now  taken  out  of  the  cradle,  the  process  of  disinfection  being 
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completed.  In  municipal  disinfecting-establisliments  where  large  quanti- 
ties of  materials  must  be  handled  daily,  it  is  essential  that  disinfeoted 
goods  should  not  be  mixed  with  the  infective.  T\m  is  overcome  by  divid- 
ing the  inlet-side  from  the  outlet-side  of  the  disinfector  by  a  partition- 
wall  which  extends  the  whole  length  of  the  apartment ;  thus  the  in- 
fective articles  put  into  the  apparatus  on  the  inlet-side,  after  disinfection 
are  taken  out  on  the  outlet-side,  and  commingling  is  thus  prevented. 
To  the  same  type  of  apparatus  belongs  the  disinfector  of  Messrs  Goddardj 
Massey  &  Warner,  with  this  essential  difference  that  the  pressure— 
20  lbs.  per  square  inch— in  inner  and  outer  chamber  is  identical,  and  the 
steam  is  not  superheated.  In  the  Continental  disinfectors,  built  oh  the 
Geneste  and  Herscher  lines,  there  is  no  outer  chamber  or  jacket,  the 
steam-pressure  in  the  disinfecting  chamber  is  about  10  lbs.,  -  and  the 
steam  is  not  superheated.  The  term  superheated  demands  a  word  of 
explanation.  The  temperature  at  which  steam  is  generated  depends 
upon  the  pressure  to  which  the  heated  fluid  is  subjected.  At  ordinary 
atmospheric  pressure,  steam  is  generated  from  water  at  100°  C,  or  212° 
F.  If  the  pressure  is  increased,  the  temperatiu-e  of  boiling-point,  and, 
consequently,  of  steam-formation,  is  raised  as  is  the  degree  of  pressure ; 
thus,  if  the  pressure  be  two  atmospheres,  the  temperature  of  steam 
formation  is  249°  F.,  if  three  atmospheres,  273°  F.  Steam  generated  at 
these  temperatures  is  said  to  be  saturated,  that  is,  it  cannot  do  work 
by  expansion,  and  it  undergoes  condensation  on  coohng.  When,  how- 
ever, this  saturated  steam  is  further  heated,  it  is  said  to  be  superheated  : 
that  is,  its  temperature  being  higher  than  the  condensing-point  relative 
to  its  actual  density  and  volume,  it  can  do  work  on  expansion  and  can 
be  cooled  to  some  extent  without  undergoing  partial  condensation  ;  in 
other  words,  superheated  steam  comports  itself  like  a  perfect  gas. 

But  other  disinfectors  have  been  constructed  on  different  principles. 
In  that  of  Van  Overbeck  de  Meyer,  the  steam  is  generated  in  the  outer 
chamber  at  ordinary  pressure,  and  is  passed  into  the  inner  chamber 
by  an  opening  in  the  top.  In  this  machine  the  temperature  is  212° 
F.  In  the  machine  invented  by  Dr  Thresh,  Medical  Officer  of  Health 
for  Essex,  the  temperature  of  the  steam  is  225°  F.  The  principle  upon 
which  it  is  constructed  is  that  water  containing  a  saline  substance  in 
solution  boils  at  usual  atmospheric  pressure  at  a  higher  temperature 
than  ordinary  water.  The  water  in  this  apparatus  is  charged  with 
calcium  chloride,  and  the  machine  is  so  arranged  that  the  calcium  salt 
once  added  may  do  work  for  a  considerable  time  by  water  being  added  to 
It  as  required  from  an  automatic  feed  cistern.  The  generated  steam 
having  a  temperature  of  212°  F.,  is  made  to  circulate  in  a  pipe  which  • 
passes  through  this  boiUng  solution  and  is  raised  thus  to  225°  F.  The 
machine  possesses  an  inner  and  an  outer  chamber,  the  latter  containing 
the  saline  solution,  and  into  the  former  are  placed  the  articles  to  be 
disinfected.  When  the  temperature  of  the  inner  chamber  reaches  the 
above  temperature,  the  steam  at  the  like  temperature  is  made  to  enter, 
and  thus  acts  upon  the  articles.  The  time  allowed  for  disinfection  is 
the  same  as  in  other  machines.  When  the  disinfecting  process  is 
complete,  the  course  of  the  current  of  steam  is  turned  by  means  of  a 
lever  from  the  inner  chamber  into  the  flue  of  the  machine,  and  thus  the 
inner  chamber  is  converted  into  a  dry-air  chamber,  any  moisture  which 
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condenses  upon  the  articles  is  vaporised,  and  they  come  from  the  machine 
dried.  It  is  claimed  for  this  apparatus  that  it  attains  (1)  uniformity  of 
temperature  ;  (2)  rapidity  and  efficiency  of  penetration  ;•  (3)  maximum 
temperature  in  the  interior  of  the  articles  being  disinfected  ;  (4)  dryness 
of  articles  on  removal.  Further,  it  has  the  merits  of  simplicity,  non^ 
requirement  of  skilled  labour,  and  of  safety. 

Cold. — The  agency  of  cold  cannot  be  looked  upon  as  a  germicide. 
It  may  inhibit  for  the  time  being  the  growth  of  organisms,  but  that  is 
all  that  can  be  said  of  it.  Organisms  can  withstand  exposure  to  very 
low  temperatures  without  apparent  prejudice.  The  experiments  of 
M'Fadyeni  and  Rowland  ^  absolutely  prove  this.  They  exposed  a 
variety  of  organisms,  pathogenic  and  non-pathogenic,  sealed  in  fine 
qiulls,  to  the  action  of  liquid  air— temperature  -312°  F.— for  seven 
days,  and  at  the  end  of  that  time  they  proved  by  culture-experiments 
that  the  vitality  and  cultural  characteristics  of  the  organisms  were  in 
no  way  impaired. 

Chemical  Disinfectants.— A  large  number  of  substances  popularly 
called  disinfectants  are  merely  deodorants  or  antiseptics,  and  have  no 
virtue  as  germicides  ;  and  since  in  practical  disinfection  destruction  of 
orgamsms  and  spores  is  the  objective  point  to  be  aimed  at,  they  are 
worse  than  useless.    The  potency  of  any  germicidal  agent  used  depends 
entirely  upon  its  strength,  and  upon  its  applicability  for  this  purpose  to 
the  medium  m  which  the  organisms  are  located.    When  the  germicidal 
value  of  any  substance  is  spoken  of,  it  ought  to  be  with  reference  to  its 
strength  in  the  fluid  in  which  it  is  being  used,  and  not  to  its  strength 
m  the  solution  which  is  added ;  thus,  if  it  be  said  that  a  certain 
disinfectant  is  destructive  of  organisms  in  a  2  or  5  per  cent,  solution,  it 
IS  meant  that  the  fluid  containing  the  infected  substance  must  contain 
2  or  5  per  cent,  m  its  whole  bulk,  and  not  merely  that  a  solution  of  that 
strength  is  to  be  added.    To  the  class  of  germicides  belong  :  (o)  mercuric 
chloride  ;  (6)  biniodide  of  mercury  ;  (c)  chlorine  in  gaseous  form,  or  as 
chlorinated  lime ;   {d)  formaldehyde ;   (e)  chloride  of  zinc ;   and  in 
addition,  when  used  in  sufficient  volume,  for  aerial  disinfection  :  (/) 
sulphurous  acid  gas  ;  (cj)  iodine  vapour  ;  and  in  the  disinfection  of  liquid 
or  pultaceous  substances  :  {h)  the  sulphates  of  iron,  copper,  and  zinc  ; 
(t)  cupralum  ;  {])  carbolic  acid  ;  (Jc)  preparations  of  cresol ;  and  (I)  the 
mineral  acids. 

The  following  Table  indicates  the  substances  which  act  efficiently 
as  germicides  when  used  of  the  named  strengths  :— 

^  Proc.  Roy.  Soc,  vol.  Ivi. 
2  The  Lancet,  21st  April  1900. 
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Table  XLVI 

Table  of  Efficient  Strengths  of  Disinfectants  as  Germicides 


Disinfecting  Agent 


Merciu-ic  Chloride 


Merciuic  Iodide 


Chlorinated  Lime, 
Bleaching  Powder 


Carbolic  Acid 


Copper  Sulphate 


Zinc  Chloride  (Biu-nett's 
Fluid) 

Sulphurous  Acid  Ga^ 
(compressed  in  cylin- 
ders at  three  atmos- 
pheres' pressure) 

Chlorine  Gas 

Hydrochloric  Acid  Vapour 
Bromine 


Formaldehyde 


Strength  and  Medium  in  which  to  be  used 


1  in  1000  of  water  (70  grains  per  gallon).  Solu- 
tion to  be  aided  by  addition  of  common  salt, 
and  coloured  with  laundry  blue.  This  may 
be  used  for  disuifection  of  body-  and  bed- 
Unen,  and  liquid  excreta.  The  proportions 
proposed  by  the  English  Local  Government 
Board  are  :  ^  oz.  mercuric  cliloride,  1  oz. 
hydrochloric  acid,  5  grains  commercial 
aniline  blue  —  in  3  gallons  of  water.  A 
solution  of  1  in  4000  is  excellent  for  wasliuig 
woodwork  and  floors. 

1  in  1000  of  water  for  infected  linen  and 
stools  ;  1  in  2000  for  hands  and  liquid 
stools  ;  1  in  4000  for  woodwork  and  floors. 
Solutions  ought  to  be  rendered  odorous  by 
thjanol,  eucalyptol,  or  wood-naphtha. 

4  parts  per  100  of  water  (6  oz.  to  1  gallon  of 
water)  for  solid  and  Uquid  excreta.  When 
used  for  the  former,  to  be  permitted  to  soak 
for  about  one  hour  before  vessel  is  emptied. 
One  part  per  100  is  excellent  for  hand- 
washiag  after  visitation  to  sick-room  and 
handling  of  patient. 

5  per  cent,  solution  in  water  (1  in  20).  Official 
strength  used  in  Berlin,  1  in  18.  To  destroy 
bacteria  a  10  per  cent,  solution  is  needed  ; 
water,  however,  will  not  dissolve  so  much. 

5  per  cent,  solution  in  water.  To  be  used  for 
disinfecting  stools.  Contact  not  less  than 
one  hour. 

1  in  10  of  water  ;  for  stools,  as  above. 

Exposure  for  twelve  hours  to  4  vols,  per  cent, 
in  a  moist  medium.  1^  lbs.  of  sulphur  per 
1000  cubic  feet  of  air-jspace  only  gives  1-75 
per  cent. 

•5  to  1  vol.  per  100  vols,  of  air. 

•05  bo  -1  vol.  per  100  vols,  of  air. 

1  in  2000  of  water  for  solid  excreta.  Objection- 
able to  user  by  reason  of  irritancy  of  vapour 
given  off. 

Used  as  a  spray  with  steam,  half  a  pint  of 
formalin  per  1000  cubic  feet.  Used  as  a 
gas  or  vapom-,  one  pint  per  1000  cubic  feet. 
The  formalm  of  commerce  is  a  40  per  cent, 
solution  of  formaldehyde  in  water.  If 
stools  are  mixed  with  an  equal  volinne  of  a 
10  per  cent,  solution,  disinfection  is  rapidly 
produced. 
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Bacterial  Tests  with  different  Chemical  Disinfectants 

Spores  of  B.  anthracis.—Th.e  following  substances  were  found  by 
Koch  to  kill  the  spores  of  this  organism  within  24  hours  :  chlorine 
water,  2  per  cent.  ;  bromine  water,  2  per  cent.  ;  iodine  water,  2  per 
cent.  ;  corrosive  sublimate  solution,  1  per  cent.  ;  potassium  permangan- 
ate solution,  5  per  cent.  ;  carbolic  acid,  5  per  cent.  ;  and  the  following 
substances  in  the  strengths  indicated  failed  to  do  so  within  that  time, 
and,  indeed,  took  several  days  to  do  so,  or  failed  entirely  viz. — chlori- 
nated hme,  5  per  cent.  ;  zinc  sulphate  and  chloride,  copper  sulphate, 
ferrous  sulphate,  borax  and  boracic  acid  in  5  per  cent,  solutions  ;  sul- 
phurous acid  solution,  5  per  cent.  ;  and  hydrochloric  acid,  2  per  cent. 
Moist  heat  at  100°  C.  for  one  hour's  exposure  will  also  kill  spores. 

B.  typhosus. — A  1-5  per  cent,  solution  of  chlorinated  hme  will  kill 
the  typhoid  bacillus  in  faeces,  1  in  500  will  disinfect  ordinary  sewage  in 
fifteen  minutes,  1  in  50  will  kill  tubercle-bacilh  very  quickly,  and  1  in  10 
will  kill  anthi'ax-spores. 

Fonnalin  acts  well  on  a  variet)^  of  substances.  A  30  per  cent,  solu- 
tion disinfect  pus  in  half  an  hour,  and  a  5  per  cent,  solution,  the 
B.  cholerce  Asiaticce  in  pure  culture  in  three  minutes,  the  B.  anthracis  in 
fifteen  to  eighteen  minutes,  and  the  spores  of  anthrax  in  five  minutes. 

It  is  important  that  disinfection  should  be  carried  out  as  efficiently 
as  possible  in  practice.  When  a  patient  is  confined  to  a  sick-room, 
disinfection  must  not  only  follow  the  vacation  of  the  room,  but  it  must 
be  concurrent  with  the  illness,  since  the  discharges  and  forded  clothing 
must  be  disinfected.  As  a  safe,  working  principle  it  should  be  held  that 
everything  which  comes  from  the  body  of  the  patient,  which  has  clothed 
his  person  or  his  bed,  or  which  has  been  used  by  him  during  the  illness, 
should  be  considered  infective,  and  should  accordingly  be  disinfected. 

In  Smallpox,  all  discharges  are  infective.  Nasal  and  throat  discharges 
shoiild  be  received  on  rags  and  burned  ;  stools,  vomited  matters,  and  urine, 
disinfected  with  one  pint  of  4  per  cent,  solution  of  chlorinated  lime,  or  a  like 
quantity  of  1  to  1000  solution  of  corrosive  sublimate.  The  virus  being  con- 
centrated in  the  sldn-eruption,  the  pustules  ought  daily  to  be  coated  with 
benzoated  lard,  or  eucalyptolised  vaseline,  especially  dm-ing  the  "scabbing" 
stage.    All  crusts  when  shed  ought  to  be  carefully  burned. 

Scarlet  Fever.  During  the  acute  stage,  throat  and  nasal  discharges  should 
be  treated  as  above.  During  the  peeling  of  epidermis  the  body  of  the  patient 
ought  to  bo  sponged  once  or  twice  daily  with  equal  parts  of  Sanitas  and  warm 
water,  and  to  be  washed  twice  weel^ly  at  least  with  soap  and  warm  water. 
Special  attention  ought  to  be  paid  to  toilet  of  hair,  ears,  and  flexures  of  limbs. 

The  same  line  of  treatment  is  appUcable  to  measles,  German  measles, 
influenza,  and  whooping-cough. 

In  Typhus-Fever  all  discharges  are  infective.  The  patient  to  be  treated  as 
above,  in  respect  of  skin  and  other  bodily  secretions  and  excretions. 

In  Enteric  Fever  the  infective  matter  is  chiefly  located  in  the  stools  and 
urine,  consequently  special  attention  must  be  paid  to  their  disinfection.  At 
least  equal  parts  of  solution  of  chlorinated  lime  or  of  corrosive  sublimate  to  the 
amount  of  stool  sliould  bo  mixed  therewith.  Carbolic  acid  is  not  an  efficient 
disinfectant  of  tho  li.  typhosus,  unless  used  very  strong.  A  novo!  hut  efTectivo 
method  of  sterilising  enteric  stools  has  been  carried  into  effect  diu'ing  tho 
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South  African  campaign  by  Major  Cummins  of  the  Royal  Army  Medical  Corps." 
As  perfected,  the  method  consists  in  putting  into  a  cauldron  fitted  witli  a  tiglit 
cover,  two  or  more  gallons  of  1  to  20  carbolic  solution  which  are  kept  boiling, 
and  with  which  the  contents  of  the  bod-pans  from  enteric  patients  are  mixad, 
the  contents  being  kept  boiling  all  tlie  time.  As  required,  the  cauldron- 
contents  are  partially  emptied  and  replenished  with  fresh  carbohc  solution. 
The  boiled  excreta  might,  thereafter,  be  passed  with  impunity  into  drains. 
Bacteriological  examination  showed  that  tlie  contents  of  the  cauldron  were 
absolutely  sterile.  The  system  was  further  extended  by  treating  all  stools 
and  urine  from  all  patients  who  were  confined  to  bed,  as  well  as  the  ward 
sweepings.  The  process  is  simple  and  effective,  and  is  very  applicable  to 
isolation-hospitals  as  well  as  to  private  practice,  and  entirely  does  away  with 
the  need  for  other  forms  of  chemical  disinfectants,  the  effects  of  which  in  the 
disinfection  of  stools  especially  are  apt  to  be  haphazard. 

The  discharges  in  Cholera  ought  to  be  similarly  dealt  Avith.  In  Diphtheria 
the  infective  matter  proceeds  solely  from  the  mucous  discharges  and  false  mem- 
brane situated  in  the  nasal  tract,  pharynx,  or  air-passages.  All  such  should  bo 
carefully  burned.  In  Puerperal  Fever  the  infectivity  is  located  mainly  in  the 
discharges  from  the  genital  tract.  These  ought  to  be  received  on  antiseptic 
napldns  or  wood-wool  pads,  and  the  whole  bimied  together.  Body  clotliing 
should  be  steeped  in  corrosive  sublimate  solution  for  some  time,  allowed  to  drip, 
and  then  placed  in  fresh  water  before  being  boiled  and  washed.  In  tubercular 
pulmonary  phthisis  the  sputum  should  be  received  on  paper  or  rags,  or  into  a 
spittoon  containing  sawdust,  and  the  paper,  rags,  or  sawdust  burned. 

In  order  to  effectively  disinfect  semi-sohd,  pultaceous,  and  viscid  dis- 
charges, it  is  necessary  either  to  mix  mechanically  the  needed  amount  of  dis- 
infec'ta,nt  with  the  excretion,  or  to  aUow  the  dismfectant  to  soak  for  about  an 
hour,  in  order  that  germicidal  action  may  take  place  in  the  mass  before  the 
mixture  is  emptied  into  the  slop-  or  water-closet,  which  thereafter  should  be 
freely  flushed.  Solutions  of  mercmic  chloride  are  very  apt  to  fail  in  tlieir 
action  unless  mechanical  mixture  is  made,  owing  to  the  formation  of  albumi- 
nates of  mercury  on  the  surface  of  the  excretion,  especially  if  they  are  semi- 
solid or  pultaceous. 

After  the  patient  has  recovered,  he  is  removed  to  anotlier  room  m  order  that 
the  apartment  he  has  left  and  its  contents  may  imdergo  dismfection.  Im- 
mediately prior  to  removal,  however,  he  should  be  washed,  clothed  in  a  fresh 
warmed  blanket  which  has  been  handed  in  for  the  purpose,  and  then  reclothed 
on  arrival  in  the  new  room.  In  scarlet  fever  and  in  diphtheria  especially,  the 
patient  shotdd  use  for  some  time  after  apparent  recovery,  some  form  of  anti- 
septic gargle  to  destroy  lingering  organisms.  The  vacated  room  and  its  con- 
tents now  require  to  be  disinfected.  The  clothing  which  the  patient  has  left 
behind,  that  of  the  nurse,  the  bed-clothing,  and  the  room-fiuTiishings  must  be 
dismfected  either  by  the  householder,  or  by  the  Sanitary  Authority.  In  rural 
districts  and  villages  it  usually  falls  to  be  done  by  the  liouseholder  ;  "  in  populous 
districts  it  is  commonly  done  by  the  Sanitary  Authority.  The  houseliolder 
should  be  instructed  how  to  carry  out  the  process.  All  articles  of  clothing, 
bod-clothing,  etc.,  should  be  steeped  in  the  room  for  a  couple  of  hours  in  a 
solution  of  1  to  2000  corrosive  subhmate,  should  then  be  roughly  wTimg,  and 
m  a  covered  vessel  be  removed  to  the  wash-house,  there  to  be  "submitted  to 
boiling  and  tlie  usual  cleansing  process,  after  which  they  should  be  exposed  in 
the  open  air  for  twenty-four  hours.  Mattresses,  pillows,  cushions,  etc..  should 
be  left  m  the  room  to  be  disinfected  by  a  gaseous  disinfectant,  and,  after  being 
sponged  over  with  1  to  40  carbolic  acid  solution,  should  tliereafter  bo  removed 
into  the  open  to  a  place  a  little  distance  from  tlie  house,  and  be  left  exposed 
to  the  air  under  cover  if  need  be  for  soA-eral  days.  IMattressos  soaked  witli 
discharges  cannot  be  disinfected  in  this  way,  and  tlierefore  ought  to  be  burned, 

1  B.M.J.,  vol.  h.,  lyOO,  p.  13G'J. 
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as  sliould  also  any  worn-out  clothing.  In  smallpox,  especially  in  confluent 
and  fatal  cases,  mattresses  ought  to  be  burned  whether  old  or  new.  Tlie 
woodwork,  floor,  furnitm-e  of  the  room,  and  the  walls  and  ceiling  fall  next  to  be 
dealt  with.  These  are  usually  exposed  to  the  action  of  a  gaseous  disinfectant, 
of  wliich  sulphurous  acid  and  formaldehyde  are  perhaps  the  most  practicable. 
Gaseous  disinfectants  have  been  hitherto  used  for  disinfection  of  the  air  of  the 
room,  but  this  so-called  aerial  disinfection  is  at  best  but  a  delusion,  for  if 
ventilation  of  the  room  has  been  attended  to,  Uttle  fear  need  be  entertained  of 
its  infectivitJ^  What  do  demand  attention,  however,  are  the  microbes  and 
spores  which  have  become  constituent  parts  of  the  dust  wliich  has  settled  in 
the  crevices,  comers,  and  other  points  of  lodgment  in  the  room.  In  Contin- 
ental countries  Uttle  or  no  attention  is  paid  to  aerial  disinfection,  while  much 
is  paid  to  the  deposited  dust.  Hence  two  methods  of  room-disinfection  pre- 
vail :  one  devoted  mainly  to  aerial  disinfection,  as  in  Great  Britain,  the  other 
to  disinfection  of  room-dust,  as  in  France  and  Germany.  Each  method 
requires  fiu-ther  description. 

The  EngUsh  Local  Government  Board  recommends  that  lA  lbs.  of  sulphur, 
mixed  with  a  liquid  combustible  as  alcohol,  or  a  solid,  as  nitre,  should  be  biu'ned 
for  each  1000  cubic  feet  of  air-space  in  the  room  whicli  has  been  made  as  air- 
tight as  possible,  and  the  svilphurous  acid  gas  which  is  produced  allowed  to  act 
for  24  hours.  But  this  only  prodiices  in  the  space  named  1-75  per  cent,  of  gas, 
whereas  direct  experiment  shows  that  4  per  cent,  are  necessary.  Apart  from 
this,  however,  to  bum  solid  or  powdered  sulphiu-  is  not  an  easy  matter.  This 
uncertainty  of  action,  however,  is  overcome  by  the  use  of  cylinders  or  siphons 
of  compressed  liquid  sulphm-ous  acid  gas.  The  gas  is  compressed  at  a  pressm-e 
of  about  45  lbs.  per  square  inch,  and  it  is  liberated  by  cutting  the  projecting 
soft  lead  pipe.  Before  using  sulphurous  acid,  and  in  order  to  make  its  action 
efficient,  the  apartment  and  the  contained  articles  ought  to  be  moistened  with 
water,  otherwise  much  of  its  potency  is  lost.  Instead  of  tliis  gas,  chlorine  is 
sometimes  substituted.  But  in  order  to  generate  the  necessary  lethal  amoimt 
from  chlorinated  lime,  it  is  necessary  to  use  15  lbs.  of  that  substance  and  22 
lbs.  of  hyckochloric  acid  per  1000  cubic  feet  of  space,  which  is  impracticable. 
Doubtless  when  it  is  manufactured  in  the  compressed  liquid  form  it  will  be 
more  serviceable,  although  it  corrodes  metalhc  objects  and  its  fumes  are 
exceedingly  pimgent  and  irritating.  A  very  potent  gaseous  germicide,  how- 
ever, has  been  discovered  in  methylaldehyde  or  formaldehyde  (CHaO),  com- 
monly met  vdth  as  formalin — a  40  per  cent,  solution  of  the  former  in  water  

which  is  the  highest  percentage  capable  of  being  dissolved  in  that  medium. 
As  sold  commercially,  it  may  be  slightly  acid  in  reaction  due  to  traces  of  formic 
acid.  Discovered  by  A.  W.  Hoffmann  in  1867,  it  was  not  till  1886,  however, 
that  its  germicidal  properties  were  revealed  by  Loew  and  Fischer,  and  not  till 
1892  that  attention  to  its  practical  use  as  a  disinfectant  was  attracted  by  a 
communication  to  the  French  Academy  of  Sciences  by  Trillat.  Since  that 
time  it  has  been  largely  used  as  a  preservative  of  milk  and  other  foods.  If 
attempts  are  made  to  concentrate  the  watery  solution  or  to  condense  the 
vapcjur,  a  solid  substance  is  formed,  crystalline  in  character,  called  paraformal- 
dehyde (CaHeOa),  which  when  heated  melts  at  171°  C.^  but  on  heating  it  gently 
vaporises  into  gaseous  formaldehyde.  When  borax  or  chloride  of  calcium, 
however,  is  added  to  formalin,  and  tlie  mixture  is  heated  under  pressure  in  a 
closed  vessel,  the  above  change  does  not  ensue.  Formalin  does  not  possess  an 
offensive  odour,  but  formaldehyde  vapour  is  very  pungent  and  irritating,  and 
its  odour  is  apt  to  be  lasting.  It  acts  upon  albuminous  substances  and  forms 
compounds  with  them  ;  for  example,  it  changes  egg-albumen  into  a  substance 
insoluble  in  water.  The  vapour  or  liquid  does  not  attack  metals,  does  not  act 
prejudicially  upon  delicate  articles  of  attire  or  fm-niture,  and  does  not  bleach 
colours.  Its  action  is  very  lethal  upon  micro-organisms  when  used  either  as  a 
vapour  or  as  a  liquid.  The  vapour  is  generated  by  moans  of  autoclaves,  lamps, 
or  generators,  and  is  dissipated  either  in  the  form  of  pure  vapour  or  of  vapour 
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mixed  with  steam,  and  tho  substances  used  are  either  Hquid  fonnahn,  or  the 
solid  substance  paraformaldohydo,  or  paraform  as  it  is  called  commercially.  Of 
the  many  forms  of  apparatus  wliich  have  been  devised,  the  principles  of  their 
action  may  be  used  to  divide  them  into  three  classes — viz.  (a)  those  in  wliich 
the  pure  vapom-  is  driven  off  from  liquid  formalin  under  pressure  or  without 
pressure  ;  (h)  those  in  which  combined  vapour  and  steam  are  disengaged  ;  (c) 
those  in  which  the  vapour  is  liberated  from  solid  tablets  of  paraformaldehyde. 
Trillat's  autoclave  may  be  taken  as  a  type  of  the  first.  It  consists  of  a  reservoir 
to  hold  the  formalin,  to  which  chloride  of  calcium  is  added  to  prevent  poly- 
merisation, the  mixture  being  called  formochloral ;  a  pressure-gauge  ;  ther- 
mometer ;  an  outlet  whereby  the  gas  escapes  which  is  regulated  by  a  valve  ; 
and  a  lamp.  When  the  apparatus  is  to  be  used,  the  cover  of  the  reservoir  is 
bomid  down,  the  lamp  is  lit,  and  the  formaldehyde  vapour  passed  by  means  of 
the  keyhole  into  the  room  to  be  disinfected.  The  instrument  of  the  Sanitary 
Construction  Company  acts  without  pressm-e,  since  the  formaldehyde  is  passed 
in  regulated  supply  into  a  heated  coil  and  is  thus  rapidly  vaporised,  llie 
Breslau  generator  may  be  taken  as  a  type  of  the  second  class.  From  it  is 
generated  a  mixture  of  the  vapour  and  steam,  the  boiling  solution  used  being 
a  mixture  of  one  part  of  formahn  and  four  of  water.  The  solution  is  heated 
by  a  spirit  lamp,  and  the  amoimt  of  spirit  to  be  used  should  be  in  proportion 
of  one-fom-th  of  the  volume  of  the  disinfecting  solution,  so  that  the  heating 
should  be  exhausted  before  the  complete  vaporisation  of  the  solution.  The 
Schering  generator  is  a  type  of  the  third  class.  In  it  the  sohd  paraformalde- 
hyde is  used  in  the  form  of  tablets,  each  of  the  weight  of  one  gramme.  The 
requisite  number  of  tablets  is  placed  in  a  basket  made  of  iron  and  wire  gauze 
over  a  spirit  lamp  of  several  wicks,  both  being  surrounded  hy  an  open-mouthed 
iron  casing.  Into  the  lamp  are  put  2  c.c.  of  spirit  for  each  tablet  used,  and  the 
wicks  only  project  -jLth  of  an  inch,  so  as  to  give  just  the  amoimt  of  heat  neces- 
sary to  volatilise  the  tablets,  and  to  prevent  the  possibihty  of  bumuig  them. 
In  addition  to  these  forms  of  apparatus  may  be  added  another  which  was 
advocated  by  Schlossman  ^  and  Walther.  Schlossman  is  of  opinion  that  in 
the  methods  already  described  the  bulk  of  the  formaldehyde  does  not  escape 
as  such,  but  is  converted  into  polymers.  Tliis  polymerisation,  he  affirms,  is 
prevented  in  his  method  by  the  use  of  glycerine.  Lingner's  apparatus  to  carry 
out  tliis  method  consists  of  a  vessel  in  which  water  is  boiled,  from  which  the 
steam  passes  into  a  reservoir  which  contains  formahn  and  10  per  cent,  glycerine, 
which  mixtiu?e  is  called  by  them  glycoformal.  From  this  reservoir  foiu-  pipes 
emerge,  by  which  the  mixture  of  steam  and  glycoformal  is  made  rapidlj^  to  fill 
the  room  to  be  disinfected.  Schlossman  states  that  a  room  of  60  cubic  metres 
can  be  so  filled  with  vapour  in  10  minutes  that  an  electric  lamp,  placed  in  the 
centre,  can  no  longer  be  seen,  and  that  all  organisms  are  killed  in  about  three 
hours  at  the  outside.  The  advantages  which  he  claims  for  his  method  are  :  ( 1 ) 
absolute  .sterilisation  ;  (2)  no  danger  of  explosions  ;  (3)  cheapness  ;  (4)  the 
total  disinfectant  powers  of  the  gas  are  obtained  ;  (5)  and  that  the  operation  is 
complete  in  three  hours.  At  the  end  of  the  time  the  windows  of  the  room  are 
thrown  open  for  half-an-hour,  after  which  they  are  again  closed,  and  hquid 
ammonia  is  placed  in  the  room  to  get  rid  of  the  odour,  then  after  a  short  time 
the  room  is  again  thrown  open,  and  the  odour  of  the  disinfectant  has  disap- 
peared. The  effect  of  ammonia  upon  formalin  is  to  form  an  inodorous  com- 
pound, hexamethylenteiramin  (NH4 -FGCHjO  =(CH2)o]Sr4 -FGHjO).  In  addi- 
tion to  these  methods  of  disinfection,  formalin  may  be  sprayed  upon  the  walls, 
furniture,  etc.,  of  the  apartment  by  different  forms  of  atomisers  or  pulv(5risa- 
teurs. 

Amount  Required  for  Room-Disinjcction. — The  general  rule,  when  formalin 
is  vaporised,  is  to  employ  a  pint  (20  ozs.)  of  the  fluid  for  every  1000  cubic  feet 
of  space,  and  of  solid  paraformaldehyde,  60  tablets  or  60  grammes,  with  a 
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miniinum  of  exposure  of  four  to  ten  hours.  When  used  in  the  form  of  spray,  the 
strengtli  of  sokition  ought  to  be  1  part  of  formalin  to  50  of  water,  and  the 
total  quantity  used  to  be  regulated  by  the  size  of  the  apartment. 

Efficiency. — Diverse  opinions  have  been  entertained  as  to  the  efficiency  of 
this  gaseous  disinfectant  in  respect  of  its  power  of  penetration,  but  direct 
experimentation  has  proved  that  it  disinfects  only  sm-faces  which  are  smooth 
or  pohshed,  that  it  is  not  reliable  in  its  action  upon  dust,  that  it  does  not  pene- 
trate the  interior  of  bulky  objects  as  bedding  or  tipholstered  furniture,  that  it 
requires  not  less  than  ten  hours  to  attain  its  maximmn  efficiency,  and  that  it  is 
not  cheaper  tlian,  if  indeed  as  cheap  as,  otlier  methods.  Some  experimenters, 
as  Abba,  go  the  length  of  saying  that  it  cannot  be  deemed  of  practical  utility  as 
a  disinfectant  for  room-disinfection  generally.^ 

Whatever  form  of  gaseous  disinfection  is  employed,  the  room  mtist  be 
thrown  freely  open  for  some  time  thereafter  to  permit  the  odours  to  be  dispelled 
before  further  cleansing  operations  are  proceeded  with.  Thereafter  the  floor, 
woodwork,  and  fiu-nitiu-e  mvist  be  washed  with  1  in  1000  corrosive  subhmate 
solution,  the  waU-paper  if  present  stripped,  and  if  not,  the  walls  and  ceihng 
should  be  hme-washed,  the  windows  remaining  open  night  and  day  all  the 
while. 

In  view  of  the  inefficiency  of  gaseous  disinfectants  to  sterilise  the  dust  de- 
posited in  a  room,  we  come  back  after  all  to  the  conclusion  that  the  prime 
object  to  be  attacked  is  the  dust,  since  in  it  will  be  located  live  micro-organisms 
and  spores.  There  is  therefore  much  to  be  said  in  favour  of  any  procedure 
which  initially  deals  with  this  dust.  The  methods  adopted  in  France  and 
Germany  are  calculated  to  do  this.  In  Paris,  infected  rooms  are  disinfected  by 
a  1  in  1000  corrosive  sublimate  solution  which  is  distributed  aU  over  the  apart- 
ment and  its  contained  fumitiu-e,  in  the  form  of  a  fine  spray  by  means  of  a 
pulverisaieur.  This  machine,  which  is  of  different  sizes,  and  which  may  be 
either  carried  on  the  back  of  the  operator  or  moved  about  on  wheels,  according 
to  the  amoimt  of  work  to  be  done,  is  operated  by  the  worlonan,  who  while  he 
is  engaged  in  the  work  is  clad  in  an  overall  uniform,  which  when  the  work  is 
done  is  taken  off,  packed  in  a  small  tin  case,  and  then  returned  to  the  dis- 
infecting station.  The  charwoman  does  the  rest.  It  may  be  objected  to  this 
Ynethod  that  the  workmen  are  exposed' to  the  poisonous  effects  of  the  disinfect- 
ant ;  but  notwithstanding  the  many  thousands  of  operations  which  are  per- 
formed annually,  little  evidence  of  toxic  effects  has  been  seen.  This  is  a  risk, 
however,  demanding  attention.  But  if,  as  in  Paris,  the  workmen  are  instructed 
as  to  the  poisonous  natOTe  of  the  solution,  such  risks  are  reduced  to  a  minimum. 
No  harmful  effects  on  the  inmates  have  been  recorded  after  re-occupation  of 
rooms  so  treated. 

Esmarch's  method,  which  is  carried  out  in  Berlin,  is  also  a  method  for 
dealing  with  the  dust.  The  material  used  consists  of  chunks  of  ordinary 
German  bread  forty-eight  hours  old.  These  are  used  by  workmen  for  rubbing 
down  the  walls  and  ceiUng  of  the  room,  by  which  the  dust  adheres  to  the  bread, 
which  is  then  burned.  The  walls  are  then  sprayed  with  a  2|-5  per  cent, 
solution  of  carboUc  acid,  the  floor,  woodwork,  and  fmnitm-e  treated  with  the 
like  solution,  in  this  way  accomplishing  the  disinfection  of  the  room.  If  the 
various  methods  of  disinfection  are  reviewed,  it  will  be  apparent  that  they  all 
involve  expenditure  of  time  and  money,  and  that  none  of  them  can  be  done 
cheaply.  Objections  may  easily  be  offered  to  any  one  plan  as  compared  with 
another,  but  if  disinfection  is  not  to  be  merely  a  name,  then  both  labour  and 
money  must  be  expended.  Wo  are  of  opinion  that  spraying  operations  are 
by  far  the  most  likely  to  be  ei^ective  as  they  are  certainly  the  most  rational, 
since  the  dast  is  attacked  and  prevented  from  becoming  air-borne,  and  tliat 
gaseous  disinfection  should  be  abandoned.  Such  methods  of  disinfection  have 
also  the  merit  that  they  compel  the  cleansing  of  the  whole  room  ;  and  there  can 
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be  little  doubt  that  much  disinfection  is  achieved  by  the  liberal  use  of  soap  and 
water,  and  the  froodoui  with  which  air  is  allowed  to  circulate  in  the  apartment 
while  cleaning  operations  arc  being  carried  on. 

Standardisation  of  Disinfectants. — The  need  for  some  method  of 
gauging  the  actual  disinfecting  value,  and,  therefore,  the  trustworthiness 
of  preparations  put  on  the  market  which  are  sold  as  disinfectants,  has 
occupied  for  many  years  the  attention  of  sanitarians,  since  if  disinfection 
is  to  be  worthy  the  name  it  is  all-important  that  sanitary  authorities 
and  the  pubhc  generally  should  have  rehable  preparations  at  their  call 
Probably  among  the  earliest  to  suggest  a  method  of  standardisation  was 
Moor,i  who  proposed  that  the  standard  to  be  employed  should  be  the 
resisting  power  of  a  given  organism  to  certain  dilutions  of  a  given  dis- 
infectant under  consideration,  compared  with  the  resisting  power  of  the 
same  organism  from  the  same  culture  to  (a)  a  1  :  1000  solution  of 
corrosive  sublimate,  and  (6)  a  5  per  cent,  solution  of  carbolic  acid,  each 
at  a  temperature  of  about  15°  C. 

In  1903,  Dr  Rideal  and  Mr  AinsHe  Walker  ^  made  the  further  sugges- 
tion that  the  ratio  of  the  strengths  in  which  a  given  disinfectant  would 
effect  sterilisation  of  a  given  organism  to  that  of  the  strength  of  a  dilution 
of  carbolic  acid  which  would  produce  the  same  result  in  the  same  time, 
might  form  a  practical  measure  or  test  of  the  efficiency  or  germicidal 
potency  of  the  disinfectant.  The  standard  employed  is  a  dilution  of 
one  part  of  carbolic  acid  in  100  parts  of  sterile  water.  Pure  crystals  of 
carbolic  acid  contain  about  7  per  cent,  to  9  per  cent,  of  water,  hence  110 
parts  by  weight  of  the  B.  P.  acid  may  be  taken  as  equivalent  to  100  parts 
by  weight  of  pure  phenol.  If  greater  exactitude  than  this  be  desired. 
It  would  then  be  necessary,  by  titration  against  a  standard  solution  of 
bromine,  to  find  the  exact  value  of  the  pure  phenol  per  hundred  parts 
of  the  sample  of  acid  to  be  used. 

Since  the  value  of  the  Walker-Rideal  or  Eideal- Walker  test  depends 
upon  the  complete  parallelism  of  conditions  which  are  maintained 
throughout  the  test,  these  observers  have  set  doAvn  definitely  the  steps 
which  have  to  be  followed  and  the  conditions  to  be  observed.  Put 
briefly  the  test  is  this  To  5  c.c.  of  a  particular  dilution  of  the  given 
disinfectant  in  sterilised  water  are  added  5  drops  of  a  24-hours'  blood- 
heat-mcubated,  vigorous-growing  culture  of  the  organism  in  broth. 
Shake  to  mix  thoroughly,  and  take  sub-cultures  therefrom  every  2i 
minutes  up  to  15  minutes.  If  30  seconds  be  allowed  for  each  admixture" 
or  act  of  medication  as  Eideal  and  Walker  call  it,  and  the  same  time 
for  talang  each  sub-culture,  four  different  dilutions  of  the  given  dis- 
infectant together  with  one  standard  control  of  solution  of  carbolic 
acid  may  be  tested  against  the  same  culture,  under  conditions  which 
make  the  results  as  nearly  comparable  as  may  be.  The  germicidal 
potency  of  the  given  disinfectant  is  expressed  in  multiples  of  carbolic 
acid  performing  the  same  work  in  the  same  time,  or  as  a  fraction  in 
which  the  dilution  of  the  standard  control  1  :  100  is  the  denominator, 
and  that  of  the  given  disinfectant  is  the  numerator  ;  thus,  if  the  dilution 
of  the  disinfectant  which  destroyed  the  organisms  in  the  same  time  as 

1  Applied  Bacteriology,  1896,  p.  285. 
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that  of  carbolic  acid  was  1  :  1000,  then  the  fraction  would  be  10, 
and  this  figiu'e  would  be  the  "  carbolic  acid  co-efficient,"  or  as  it  has  now 
come  to  be  called,  the  "  Rideal- Walker  co-efficient." 

In  any  experiment  or  test  the  time  must  be  taken  as  the  constant,  and 
the  strength  or  degree  of  dilution  of  the  disinfectant  as  the  variant.  The 
test-organism  employed  by  Rideal  and  Walker  is  B.  typhosus,  grown  in 
broth  and  incubated  for  24  hours  at  37°  C.  The  reason  why  a  broth 
culture  is  preferred  is  that  its  composition  is  more  likely  to  be  uniform. 
Variability  in  composition  of  the  culture-fluid  would  lead  to  probable 
error.  Five  drops  of  such  a  culture,  therefore,  is  the  amount  to  be 
added  to  each  dilution.  The  sub-cultures  taken  fa-om  the  dilution- 
mixtures  at  the  end  of  the  respective  time-periods  of  exposure  are  to  be 
incubated  at  37°  C.  for  not  less  than  48  hours. 

Others  have  suggested  that  instead  of  adding  the  culture  directly 
to  the  dilutions,  the  organisms  should  be  exposed  on  an  intermediate 
substance,  such,  for  example,  as  threads,  or  garnets.  Paul  and  Konig 
suggested  the  use  of  siuall  garnets  of  equal  size,  which  should  be  treated 
with  a  vigorous  liquid  culture  of  the  organism  by  immersion,  then 
removed  from  the  medium,  dried,  and  in  the  dried  condition  should  be 
placed  in  the  dilutions  of  the  disinfectant  and  of  the  carbolic  acid  control. 
After  each  garnet  has  been  exposed  to  the  influence  of  the  dilution  for 
its  appropriate  time-Umit,  it  is  to  be  removed  therefrom  and  thoroughly 
washed  in  sterile  water,  from  which  cultures  are  to  be  made  and  in- 
cubated just  as  in  the  other  process.  In  our  view,  such  a  method  merely 
multiplies  the  steps  of  the  technique  of  the  test  and  the  sources  of 
probable  error,  and  offers  no  advantages  over  the  Rideal- Walker 
method.  Whatever  value  either  of  these-  processes  possesses  is  due 
entirely  to  the  completeness  of  parallelism  of  conditions  observed 
throughout  the  test. 

The  most  pertinent  objection  to  such  a  test  as  the  foregoing,  what- 
ever its  precise  technique  may  be,  is  that  any  results  obtained  from  it 
can  only  be  esteemed  as  approximations  to  the  actual  germicidal  values 
of  the  substances  when  practically  applied.  It  is  one  thing  to  deter- 
mine the  bactericidal  power  of  a  disinfectant  under  conditions  such  as 
those  described,  and  quite  another  to  estimate  the  value  of  that  power 
when  used  in  liquids  or  solids  of  an  organic  character.  This  is  well 
illustrated  by  an  example  which  has  been  recorded  by  Bickel  and  Kraus.^ 
These  investigators  were  examining  the  disinfecting  potentialities  of 
three  preparations  of  cresol,  namely,  saprol,  linseed-oil  and  cresol,  and 
petroleum  cresol.  Linseed-oil,  when  mixed  with  raw  cresol  in  equal 
parts,  forms  a  homogeneous  mixture.  Petroleum  also  forms  a  mixture 
with  cresol  which,  when  floated  over  a  fluid,  allows  the  cresol  to  separate 
out  gradually  and  to  be  dispersed  throughout  the  fluid.  Their  disinfect- 
ing value  was  determined  by  the  method  of  Paul  and  Konig,  the  organ- 
isms used  being  staphylococci,  and  the  strengths  of  the  dilutions  used 
1  :  100  and  :  1  50,  ammonia  being  employed  to  neutralise  the  disinfectant 
at  the  expiration  of  test-time.  After  5  minutes'  exposure  to  the  1  :  100 
dilution,  only  two  colonies  developed  within  two  days  from  each  of  five 
garnets  when  saprol  was  used,  twenty-two  colonies  when  petroleum 

1  Arbeit,  a.  d.  KaiHcrl.  Qeaund.,  Band  xxvi.,  H.  2,  1907  :  B.M.J.,  vol.  ii  . 
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cresol  was  used,  and  160  colonies  with  linseed-oil  cresol.  When  B. 
typhosus  and  B.  cholerce  Asiaticw  were  substituted,  suspended  in  normal 
saline  solution,  practically  no  difference  in  disinfectant  value  of  the  thre^ 
preparations  was  found.  When,  however,  these  organisms  were  sus- 
pended in  solutions  of  fseces,  they  resisted  the  action  of  the  disinfectants 
for  longer  periods  :  thus,  B.  typhosus  lived  for  four  or  five  days  in  the 
normal  saline  solution  when  covered  with  each  of  the  three  disinfectants, 
and  for  eight  days  when  in  the  faecal  solutions.  Having  said  this,  how- 
ever, we  are  bound  to  acknowledge  that  the  Kideal-Walker  test  is  the 
best  workable  test  for  the  estimation  of  the  relative  bactericidal  values  of 
disinfectants. 


CHAPTEK  XIII 


SANITARY  LAW  RELATING  TO  INFECTIVE  DISEASES 

It  is  essential  that  medical  practitioners  should  have  some  knowledge 
of  the  laws  relating  to  infective  diseases,  not  only  for  their  own  guidance, 
hut  also  to  enable  them  to  advise  their  clients  when  such  advice  is 
asked.  The  main  provisions  of  all  Acts  of  Parliament  dealing  with 
sanitary  matters  are  intended  to  conserve  the  public  health  by  the 
removal  of  all  causes  which  may  imperil  it,  and  to  prevent  the  origin 
and  spread  of  infective  diseases. 

In  none  of  the  Public  Health  Acts  is  there  any  definition  of  what 
constitutes  an  infectious  disease,  notwithstanding  that  such  diseases 
are  mentioned  in  various  Acts. 

In  1889,  the  Infectious  Disease  (Notification)  Act,  1889,-52  &  53 
Vict.  cap.  72 — became  law,  and  for  the  purposes  of  the  Act  a  scheduled 
list  of  infective  diseases  was  given.  The  diseases  embraced  in  the 
schedide  are  the  following — viz.  smallpox,  cholera,  diphtheria,  mem- 
branous croup,  erysipelas,  scarlatina  or  scarlet  fever,  and  typhus, 
typhoid,  enteric,  relapsing,  continued,  and  puerperal  fevers.  It  will  be 
obsen^ed  that  some  of  the  other  infective  diseases  as  measles,  whooping- 
cough,  chicken-pox,  influenza,  plague,  and  others,  are  not  included ; 
but  a  Local  Authority  may,  by  provision  of  section  7  of  the  Act,  after 
due  resolution  and  publication  of  its  intention,  add  one  or  more  of  the 
above  to  the  list ;  indeed,  this  has  been  done  by  various  Local  Autho- 
rities in  respect  of  measles,  choleraic  diarrhcea,  plague,  cerebro-spinal 
meningitis,  and  others. 

The  terms  of  section  7  are  as  follow  : — 

(1)  The  Local  Authority  of  any  district  to  which  this  Act  extends  may, 
from  time  to  time,  by  a  resolution  passed  at  a  meeting  of  such  Authority, 
where  special  notice  of  the  meeting  and  of  the  intention  to  propose  such 
resolution  has  been  given  fourteen  clear  days  before,  order  that  this  Act 
shall  apply  in  their  district  to  any  infectious  disease  other  than  a  disease 
specifically  mentioned  in  this  Act. 

(2)  Such  order  may  be  permanent  or  temporary,  and  if  temporary, 
the  period  shall  be  specified  therein,  and  any  such  order  may  be  revoked 
or  varied  by  the  Local  Authority. 

(3)  Any  order  under  this  section  shall  not  be  valid  until  approved  by 
the  Local  Government  Board. 

(4)  When  such  order  is  so  approved,  the  Local  Authority  shall  ad- 
vertise the  same  in  a  local  newspaper  and  by  handbills  and  otherwise 
in  such  manner  as  the  Authority  think  sufficient  to  inform  all  persons 
interested.  They  shall  send  a  copy  thereof  to  each  registered  medical 
practitioner  known  to  be  residing  or  practising  in  their  district. 

(5)  Such  order  shall  come  into  operation  not  earlier  than  one  week 
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after  publication  of  the  first  advertisement,  and  so  long  as  the  order  is 
in  operation  the  infectious  disease  mentioned  therein  shall  be  an  infec- 
tious disease  to  which  this  Act  applies. 

(6)  In  the  case  of  emergency  three  clear  days'  notice  under  this 
section  shall  be  sufficient,  and  the  resolution  shall  declare  the  cause  of 
such  emergency  and  shall  be  for  a  temporary  order,  and  a  copy  thereof 
shall  be  forthwith  sent  to  the  L.  G.  Board,  and  advertised,  and  the  order 
shall  come  into  operation  at  the  expiration  of  one  week  from  the  date 
of  such  advertisement,  but  unless  approved  by  the  L.  G.  Board  shall 
cease  to  be  in  force  at  the  expiration  of  one  month  after  it  is  passed,  or 
any  earlier  date  fixed  by  the  L.  G.  Board. 

(7)  The  approval  of  the  L.  G.  Board  shall  be  conclusive  evidence 
that  the  case  was  one  of  emergency. 

The  burden  of  notifying  the  existence  in  a  house  of  one  or  other  of  the 
infective  diseases  above  named  falls  upon  (1)  the  head  of  the  family 
or  other  responsible  person,  and  (2)  upon  the  medical  practitioner  in 
attendance.  Failure  to  perform  this  duty  is  penahsed  after  convic- 
tion by  a  fine  not  exceeding  forty  shillings.  Section  4  provides  that 
duly  printed  forms  for  notification  purposes  shall  be  sent  to  each  medical 
practitioner,  who  shall,  for  the  notification  of  disease  in  respect  of  each 
case  in  private  practice,  or  for  each  case  in  his  practice  as  medical 
officer  of  any  public  body  or  institution,  receive  a  fee  of  two  shillings 
and  sixpence  or  one  shilling  respectively.  ° 
The  Act  being  a  permissive  or  adoptive  Act,  section  5  records  the 
procedure  for  its  adoption  by  an  urban  or  rural  district ;  and  section 
7,  the  procedure  by  which  an  addition  to  the  scheduled  list  of  diseases 
may  be  made.  In  Scotland,  however,  by  section  U  of  The  Public 
Health  (Scotland)  Act,  1897,  the  adoption  of  the  Notification  Act  is 
compulsory  upon  all  Local  Atithorities,  and  in  England  and  Wales  by 
The  Infectious  Diseases  Notification  (Extension)  Act,  1899.  The  Act 
is  still  adoptive  in  Ireland.  The  payment  of  fees  under  this  Act  to  a 
medical  practitioner  does  not,  in  terms  of  section  11,  disqualify  him  for 
serving  as  member  of  the  council  of  a  county  or  borough,  or  in  other  like 
capacity,  nor  even  although  he  himself  is  the  medical  officer  of  health  is 
he  debarred  from  receiving  fees.  The  Notification  Act  applies  to  the 
United  Kingdom. 

The  provisions  of  the  Public  Health  Acts  in  which  the  medical  prac- 
titioner has  especial  interest  are  those  which  deal  (1)  with  the  infective 
person  ;  (2)  with  the  infective  place  ;  (3)  with  infective  things.  The 
subjects  may,  therefore,  be  dealt  with  in  that  order. 

I.  In  respect  op  the  Infected  Person.— It  is  forbidden,  under 
a  penalty,  for  any  person  suffering  from  an  infectious  disease  (1)  to 
wilfully  expose  himself  or  for  any  person  to  expose  anyone  suffering, 
in  any  pubhc  place  or  conveyance,  without  taking  jn-oper  precau- 
tions against  spreading  the  disease ;  (2)  to  enter  a  public  conveyance 
or  ship,  or  to  cause  an  infected  person  to  be  conveyed  in  such  way ; 
(3)  to  be  conveyed  knowingly  by  the  owner  or  person  in  charge  of 
such  conveyance  or  ship,  unless  the  fact  is  at  once  notified  to  the  Sanitary 
Authority  and  the  conveyance  thereafter  disinfected  by  the  Local  Author- 
ity. (It  is  not  forbidden,  however,  for  infective  persons  to  travel  by 
railway-train  or  by  ship,  if  they  are  conveyed  within  an  ambulance- 
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waggon  or  other  veliicle  provided  or  approved  by  tlie  Local  Authority) ; 
(4)  to  engage,  knowing  that  he  is  suffering  from  such  disease  or  is 
Hving  in  an  infected  house,  in  the  operation  of  milking  any  animal,  of 
picking  fruit,  or  in  connection  with  any  trade  or  business  calculated 
to  spread  disease  ;  (5)  for  a  parent  or  other  person  in  care  or  charge  of  a 
child  who  is  or  has  been  suffering  from  such  disease,  or  who  resides  in  a 
house  where  such  disease  is  or  has  been  existent  within  a  period  of  three 
months,  to  knowingly  or  negligently  permit  such  child  to  attend  school 
without  a  certificate  from  the  medical  officer  of  health  or  a  qualified 
medical  practitioner  that  such  child  is  free  from  disease  and  infection, 
and  that  the  house  and  contents  exposed  to  infection  have  been  duly 
disinfected,  under  a  penalty  not  exceeding  forty  shilUngs.  The  teacher 
or  person  in  charge  of  the  school  is  culpable  in  the  same  case,  the  penalty 
being  the  same.  The  P.  H.  Acts  Amendment  Act,  1907  (adoptive), 
section  58,  gives  power  to  a  Local  Authority  to  call  upon  the  principal 
of  a  school  in  which  any  scholar  is  suffering  from  an  infectious  disease, 
to  fiu-nish  a  list  of  names  and  addresses  of  the  scholars  other  than 
boarders. 

Removal  of  Infected  Persons. — Where  an  isolation-hospital  has  been 
provided  in  any  urban  or  rural  district,  any  person  suffering  from  su.ch 
disease  w^ho  is  without  proper  lodging  or  accommodation,  or  who  is 
lodged  in  a  room  occupied  by  others  than  those  in  attendance,  or  who 
is  on  board  any  ship  or  vessel  within  three  miles  of  the  coast,  may,  on  a 
warrant  by  a  magistrate,  be  removed  from  thence  to  a  hospital,  or 
alternatively,  the  persons  not  in  attendance  upon  the  patient  may 
be  removed  from  the  house  by  order  of  the  magistrate,  in  which  case 
the  Local  Authority  must  provide  suitable  accommodation  for  them. 
In  like  manner  an  infective  person  in  a  common  lodging-house  may  be 
removed  to  hospital.  Such  provisions  are  to  be  interpreted  by  the 
existence  or  non-existence  of  means  of  efficient  isolation  and  facilities 
for  disinfection.  All  of  the  foregoing  provisions  only  apply  to  the  living 
infective  person.  What  of  the  dead  ?  No  precautionary  or  prohibitory 
provisions  exist  in  any  of  the  Public  Health  Acts  regarding  the  removal 
m  a  public  conveyance  from  a  house  to  a  place  of  sepulture  or  cremation 
of  the  body  of  a  person  who  has  died  of  infective  disease,  provided  that 
the  conveyance  is  one  reserved  for  the  purpose.  But  it  is  unlawful  to 
transport  for  burial,  or  for  other  recognised  means  of  disposal,  the 
body  of  a  person  who  has  died  of  infective  disease,  unless  and  until  it  has 
been  certified  by  the  medical  officer  of  health  or  a  legally  qualified  medical 
practitioner  that  precautions  requisite  for  the  public  safety  have  been 
adopted.  Moreover,  it  is  penal  for  an  undertaker  or  any  other  person 
to  remove  in  the  above  way  such  a  body  without  having  obtained  the 
above  necessary  certificate.  While  the  foregoing  is  now  the  law  of 
Scotland  (P.  H.  (Scot.)  Act,  1897,  section  69,  sub-section  3),  the  law 
of  England  and  Ireland— Infectious  Disease  (Prevention)  Act,  1890— 
is  exactly  the  same.  Should  in  any  section  of  the  kingdom  the  vehicle 
employed  for  this  purpose  not  be  reserved  for  the  carriage  of  dead 
bodies,  notification  that  the  dead  body  is  infective  must  be  made  to 
the  owner  or  driver  thereof,  and  the  vehicle  thereafter  be  disinfected, 
otherwise  it  shall  be  an  offence.  Where  a  public  mortuary  has  been 
provided,  and  where  the  body  of  a  person  who  has  died  of  infectious 
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disease  is  retained  in  a  room  in  which  jDcrsons  live  or  sleep,  or  is  retained 
longer  than  48  hours  in  a  room  used  as  a  dwelling-place,  sleeping-place, 
or  work-room,  or  where  any  dead  body  is  retained  in  a  housed  room,' 
or  ship  under  circumstances  which  might  endanger  the  health  of  the 
inmates  or  of  neighbours,  such  may  be  removed  on  warrant  to  the 
public  mortuary.  The  duty  of  interment  of  such  bodies  falls  upon  the 
Local  Authority  when  the  friends  or  relations  of  the  deceased  are  unable 
to  do  so,  or  do  not  inter  within  the  time  above  specified,  in  which  latter 
case  the  Local  Authority  may  recover  the  expenses  from  the  friends  or 
relations.    (Section  69,  sub-sections  1  and  2,  P.  H.  (Scot.)  Act,  1897.) 

Again,  in  view  of  the  practice  of  certain  persons  of  waking  "  the 
dead,  it  has  been  made  penal  in  the  Scots  Act  (section  56,  claiise  d), 
and  in  the  Pubhc  Health  Acts  Amendment  Act,  1907,  section  68  (adop- 
tive), if  anyone  wakes  or  permits  to  be  waked  in  anyplace  over  which  he 
has  control  the  body  of  an  infective  person. 

If  a  person  dies  in  any  hospital  from  any  infections  disease,  and 
if  it  be  certified  by  a  legally  qualified  practitioner  that  in  order  to  pre- 
vent the  spread  of  the  disease  the  body  should  not.be  removed  except 
for  burial,  it  shall  not  be  removed  except  to  be  taken  direct  to  the 
place  of  burial.  Wilful  disobedience  carries  with  it  a  penaltv  not  ex- 
ceeding £10.  (P.  H.  (Scot.)  Act,  s.  63 ;  P.  H.  (Lond.)  Act,  1891,  s.  73  ; 
and  Infectious  Disease  (Prevention)  Act,  1890,  s.  9.) 

_  II.  In  Respect  op  the  Infective  Place. — Prom  what  has  been 
said,  it  is  incumbent  upon  the  owner  or  driver  of  a  public  conveyance 
or  master  of  a  ship  to  disinfect  the  said  conveyance  or  ship  as  soon  as 
it  comes  to  his  knowledge  that  an  infective  person  has  been  carried 
therein  ;  the  loss  and  expense  incurred  to  be  recoverable  from  the  person 
or  his  friends.  The  same  is  true  of  a  public  conveyance  other  than  one 
reserved  for  the  purpose,  which  has  been  used  for  the  carriage  of  a  dead 
body.  In  like  manner  the  room  occupied  during  an  infective  illness  must 
be  disinfected  at  the  termination  thereof,  either  :  (1)  by  the  householder 
himself  at  his  own  expense,  and  to  the  satisfaction  of  a  legally  qualified 
medical  practitioner  ;  or  (2)  by  the  Local  Authority. 

Any  person  who  lets  for  hire,  or  shows  for  the  purpose  of  letting, 
any  house  or  pai-t  thereof,  and  who  on  being  questioned  by  the  person 
negotiating  for  the  hire  as  to  whether  within  the  previous  six  weeks 
infective  disease  existed  therein,  makes  a  false  answer,  shall  be  liable 
to  a  fine  not  exceeding  £20,  or  imprisonment,  Avith  or  mthout  hard 
labour,  for  a  period  not  exceeding  one  month  (P.  H.  (Scot.)  Act,  s.  52 ; 
P.  H.  (London)  Act,  1891,  s.  64)  ;  any  person  who,  after  occupying  a 
house  or  part  thereof  in  which  infective  disease  has  existed  within  six 
weeks  previously,  fails  to  have  the  house  and  its  contents  disinfected, 
or  to  give  to  the  owner  or  occupier  notice  of  the  existence  of  said  disease, 
or  who  makes  a  false  answer  on  being  questioned  regarding  said  existence, 
shall  be  liable  to  a  like  monetary  penalty  ;  and  anyone  who  knowingly 
lets  for  hire  any  house  or  part  thereof  in  which  infectious  disease  has 
existed,  without  house  and  contents  havmg  been  disinfected  to  the 
satisfaction  and  upon  the  certification  of  a  legally  qualified  practitioner, 
IS  liable  also  to  a  hke  penalty.  This  section  (51,"  sub-section  2)  includes 
the  keeper  of  an  inn  or  hotel  (p.  472).  A  like  provision  is  contained 
in  the  Infectious  Disease  (Prevention)  Act,  1890,  section  7. 
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III.  In  Eespect  of  Infective  Things. — Anyone  who  gives,  lends, 
sells,  pawns,  transmits,  removes,  or  exposes,  or  permits  to  be  washed 
or  exposed  in  any  wash-house  or  washing-green  which  is  used  in  common 
by  persons  other  than  the  family  or  household  to  which  the  infected 
person  belongs,  any  bedding,  clothing,  or  other  articles  which  have  been 
exposed  to  infection,  without  previous  disinfection,  shall  be  liable  to  a 
penalty  not  exceeding  five  pounds  (P.  H.  (Scot.)  Act,  s.  56  ;  P.  H.  (Lond.) 
Act,  s.  68).  This  does  not  apply  to  articles  transmitted  under  proper 
precautions  for  purposes  of  disinfection.  Section  47  of  the  P.  H.  (Scot.) 
Act,  1897,  deals  with  the  need  of  disinfecting  all  articles  in  a  house 
which  have  been  exposed  to  infection  on  notice  being  served  upon  the 
occupant  or  owner  by  the  Local  Authority,  and  sub -section  5  authorises 
said  Local  Authority  .to  compensate  said  occupier  or  owner  for  any 
unnecessary  damage  caused  to  such  articles  on  being  disinfected 
by  said  Local  Authority ;  section  48  deals  with  the  disinfection  or 
destruction  of  bedding,  clothing,  etc.,  on  notice  being  served  for  the 
delivery  thereof  to  an  officer  of  the  Local  Authority,  and  sub-section  2 
authorises  compensation ;  section  49  compels,  on  proper  cause  shown, 
persons  engaged  in  washing  or  mangling  clothes  to  furnish  a  list  of 
owners  of  clothes  ;  and  section  50  penalises  anyone  who  knowingly 
casts,  or  causes  or  permits  to  be  cast,  into  any  ash-pit  or  otherwise 
exposes  any  matter  or  article  infected  by  infectious  disease,  for  each 
offence  and  continuance  of  the  offence.  The  following  may  be  taken 
as  illustrative  cases — viz.  (1)  trafficking  in  any  article  from  any  infected 
room  ;  (2)  carrying  infected  articles  through  the  public  streets,  or  send- 
ing the  same  in  a  public  conveyance ;  (3)  washing  infected  clothing 
in  a  wash-house  which  is  common  to  other  houses,  or  sending  the  same 
to  a  public  laundry ;  (4)  making  fabrics  for  warehouses  or  for  private 
persons  in  an  infected  house,  and  transmitting  the  same  to  the  ware- 
house or  private  person  when  made ;  (5)  pawning  infective  articles  ; 
(6)  selling  food  of  any  kind  in  a  shop  attached  to  a  dwelling-house  in 
which  infective  disease  exists ;  and  (7)  transmitting  infected  bedding 
or  furniture  to  upholsterers  or  public  cleaning-establishments.  The 
term  "  matter  infected  by  infectious  disease  "  would  include  such  things 
as  excreta,  poultices,  wall-paper,  or  vomited  matters  which  are  cast  into 
a  receptacle  in  a  public  place  without  previous  disinfection.  Where  a 
medical  ofl&cer  of  health  has  evidence  that  persons  in  his  district  are 
suffering  fi'om  diseases  that  are  attributable  to  the  milk-supply  from 
any  dairy,  or  that  the  milk  from  any  such  dairy  is  likely  to  cause  or 
to  have  caused  such  disease,  he  shall  visit  the  dairy  and  examine  every 
person  connected  therewith,  and  a  veterinary  inspector  shall  examine 
the  animals  therein  and  repox't  to  the  Committee  of  the  Local  Authority 
(P.  H.  (Scot.)  Act,  s.  60 ;  P.  H.  (Lond.)  Act,  s.  71— Infectious  Disease 
(Prevention)  Act,  s.  4).  Sub-section  2  of  the  Scottish  Act  gives  the 
medical  officer  of  health  power,  when  required,  to  communicate  with 
the  Local  Authority  of  the  district  whence  the  milk  has  come  to  any 
dairy  in  question,  and  such  Local  Authority  shall  be  bound  forthwith, 
by  its  medical  officer,  to  examine  said  dairy  which  is  suspected  and  the 
persons  connected  therewith,  and  by  a  veterinary  surgeon,  to  examine 
the  animals  therein,  and  the  medical  officer  of  health  of  the  second- 
mentioned  Local  Authority  shall  forthwith  report  the  results  of  said 
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examination  along  with  the  report  of  the  veterinary  surgeon  to  the  first- 
mentioned  Local  Authority  ;  sub-section  3  gives  a  Local  Authority  power 
to  order  the  dairyman  to  cease  the  supply  of  milk,  where  the  facts  warrant 
such  a  step,  for  such  time  as  may  be  deemed  necessary.  Section  61 
empowers  the  Local  Authority,  on  the  fact  being  certified  that  the  out- 
break or  spread  of  infectious  disease  is  attributable  to  milk  supplied 
from  a  dairy  or  dairies,  to  demand  from  the  dairyman,  whether  within 
or  without,  its  district,  a  full  and  complete  list  of  the  names  and  addresses 
of  all  his  customers  within  its  district  so  far  as  known  to  him,  for  which 
the  dairyman  shall  be  remunerated  on  a  scale  laid  down  in  this  section. 

A  like  provision  is  made  for  England  in  section  53  of  the  P.  H.  Acts 
Amendment  Act,  1907  (adoptive).  In  this  Act  a  pro\asion,  new  to 
public  health  legislation,  has  been  enacted — viz.  To  prevent'  infective 
persons  taking  or  using  any  book  from  any  public  or  circulating  library, 
or  any  person  permitting  any  such  book  to  be  used  by  an  infective  person^ 
or  returning  any  such  book  which  has  been  so  used  to  any  such  library 
without  giving  notice  to  the  Local  Authority,  so  that  the  Local  Authority 
may  destroy  the  book  and  compensate  the  owner  of  the  library,  or  disin- 
fect it  and  return  it  to  the  library.  (Section  59,  P.  H.  Acts  Amendment 
Act,  1907  (adoptive).) 

By  the  regulations  as  to  Cholera,  Yellow  Fever,  and  Plague,  issued 
by  the  Local  Government  Boards,  and  which  Eegulations  of  the  Scottish 
Board  became  law  in  Scotland  in  January  1898,  amended  by  the  Order 
of  1903,  and  the  Eegulations  of  the  English  Board  became  law  in  England 
and  Wales  in  November  1896,  as  amended  by  the  Order  of  1902,  certain 
important  duties  are  placed  upon  Local  Authorities  ha^dng  a  seaboard, 
or  having  a  part  of  their  district  abutting  upon  a  port.  These  duties 
may  be  briefly  summarised  as  follow  :— The  Eegulations  deal  (1)  with 
ships'  crews  and  passengers,  and  with  ships  coming  from  infected  ports  ; 
(2)  with  ships  having  on  board  passengers  in  a  filthy  or  otherwise  un- 
wholesome condition;  (3)  with  the  bilge-water,  water-ballast,  and 
water-supply  of  ships.  The  Eegulations  of  the  English  Board  were 
issued  m  virtue  of  section  130  of  the  Public  Health  Act,  1875,  and  those 
of  the  Scottish  Board  in  terms  of  the  powers  contained  in  section  78, 
Part  IV.,  of  the  Public  Health  (Scotland)  Act,  1897. 

It  is  enacted  that  the  master  of  every  ship  infected  with  Cholera, 
Plague,  or  Yellow  Fever  shall,  when  mthin  three  miles  of  the  coast, 
cause  a  large  flag  of  yellow  and  black,  borne  quarterlj^,  to  be  hoisted  at 
the  mast-head,  and  shall  keep  it  hoisted  the  whole  time  between  sunrise 
and  sunset,  and  that  no  person  shall  leave  such  ship  until  it  shall  have 
been  visited  by  the  Customs  Officer  and  the  Medical  Officer  of  Health. 
Any  ship  is  deemed  infected  in  which,  during  the  voyage  or  during  its 
stay  in  the  port  of  departure  or  in  a  port  of  call,  there  "is  or  has  been  any 
case  of  the  diseases  named  in  the  Eegulations.  During  the  currency 
of  the  Eegulations,  the  following  procedure  shall  be  adopted  in  respecMt 
of  any  ship  arriving  from  foreign  ports— viz.  It  shall  be  visited  by  the 
Officer  of  Customs  who  shall  ascertain  whether  or  not  said  ship  is  in- 
fected, and  if  he  has  reason  to  suspect  that  the  ship  is  infected,  shall 
require  the  master  or  surgeon  of  the  ship,  if  there  be  one,  to '.give  in 
writing  a  true  answer  to  the  question— Adz.  whether  any  case  of  the 
diseases  named  in  the  Eegulations  has  occurred  in  the  ship  at  any 
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point  of  its  progress.    If  the  ship  is  infected,  or  there  is  reason  to  suspect 
thjs,  the  Customs  Officer  shall  order  the  ship  to  be  moored  in  such  position 
as  he  shall  direct,  durmg  which  period  of  detention  no  one  shall  leave  the 
ship    Thereupon  the  Customs  Officer  shall  give  notice  to  the  Local 
Authonty  of  these  facts,  and  thereafter  the  ship  shall  be  visited  by  the 
Medical  Officer  of  Health,  who  shall  at  that  visit  examine  every  person 
on  board,  and  in  the  event  of  finding  any  illness  due  to  the  above  diseases, 
or  likely  to  develop  into  such,  shall  certify  in  writing  accordingly  a 
copy  of  which  certificate  shall  be  handed  to  the  master  of  the  ship  and 
he  shall  retain  the  original,  or  transmit  it  to  the  Local  Authority,  which 
is  held  bound  to  inform  likewise  the  Local  Government  Board  Every 
person  suffering  from  one  or  other  of  the  diseases  named  shall,  if  his 
condition- admit,  be  removed  to  a  hospital  or  other  suitable  place  set 
apart  for  the  pm-pose  by  the  Local  Authority  ;  if  on  the  other  hand  the 
patient  be  too  ill  to  be  removed,  the  ship  shall  remain  subject  to  the  con- 
trol of  the  Medical  Officer  of  Health,  and  the  patient  shall  not  be  removed 
twm  or  le^e  the  ship  except  with  the  consent  in  writing  of  the  said 
Medical  Officer.    Persons  suflering  from  suspicious  illness  may  either 
be  detained  on  board  for  a  period  not  exceeding  two  days,  or  be  taken  to 
hospital  and  detained  there  for  a  like  period  for  probation.    No  person 
r  ^^^^^  infected  ship  shall  be  allowed  to  land  unless  he  satisfy  the 
Medical  Officer  of  Health  as  to  his  name,  destination,  and  address 
whereupon  the  Medical  Officer  shall  forthwith  transmit  the  name  etc  ' 
of  each  such  person  to  the  Clerk  to  the  Local  Authority,  who  in  his  turn 
shall  transmit  the  same  to  the  Local  Authority  of  the  District  in  which 
such  intended  place  of  destination  is  situated.    Every  such  person  who 
within  48  hours  of  landing  shall  arrive  at  any  destination  or  address 
other  than  that  given,  is  bound  upon  arrival  forthwith  to  notify  in 
writing  his  destination  and  address  to  the  Medical  Officer  of  Health 

^l^^i^    T^i-''^^''^'*^  ^^ich  his  address  is  located.' 

Ihe  Medical  Officer  of  Health,  in  the  case  of  every  infected  ship,  shall 
direct  all  the  necessary  steps  for  disinfection  and  for  prevention  of 
spread  of  infection,  and  the  master  of  the  ship  shall  execute  such  direc- 
tions. The  master  shall,  in  the  event  of  any  death  from  the  named 
diseases  taking  place  on  board,  either  commit  the  body,  properly  loaded 
to  prevent  its  rising,  to  the  deep,  or  shall  deliver  it  in  charge  of  the  Local 
Authority  who  shall  lawfully  and  properly  dispose  of  it.;  he  shall  cause 
all  clothing,  bedding,  or  other  articles  likely  to  retain  infection  which 
have  been  used  by  the  infected  person,  to  be  disinfected  or  destroyed  • 
he  shall  cause  the  ship  to  be  disinfected,  and  every  article  therein  likely 

f  .if  M  ?  ,  ^^^^  clisinfected  or  destroyed,  according  to  the  directions 
of  the  Medical  Officer  of  Health. 

Where  a  ship  is  not  certified  to  be  infected,  but  has  passengers  on 
board  who  are  in  a  filthy  condition,  or  has  come  from  a  place  infected 
with  the  named  diseases,  the  Medical  Officer  of  Health  may  certify 
accordmgly,  and  shall  give  a  duplicate  copy  thereof  to  the  master  of 
the  ship,  and  retain  the  other  or  transmit  it  to  the  Local  Authority 
In  such  a  case  no  person  on  board  shall  leave  or  be  allowed  to  leave  the 
ship  until  the  name,  intended  place  of  destination,  and  intended 
address  at  such  place  has  been  given  to  the  Medical  Officer  of  Health 

F ollowing  upon  this  are  the  duties  of  Medical  Officer  of  Health  Clerk 
2g 
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to  the  Local  Authority,  and  of  individuals,  as  have  been  previously 
detailed  in  the  case  of  an  infected  ship. 

If  the  Medical  Oflicer  of  Health  has  reason  to  believe  that  any  ship 
coming  or  being  within  the  jurisdiction  of  the  Local  Authority  is  in- 
fected, or  has  come  from  an  infected  place,  he  may  direct  that  all  bilge- 
water  and  water-ballast  be  pumped  out  in  some  suitable  place  before 
such  ship  enters  any  dock  or  basin,  or  if  any  danger  be  apprehended 
from  such  action,  as  for  example,  danger  to  stability  of  the  vessel,  he 
may  cause  any  tank,  etc.,  containing  the  water-ballast  to  be  sealed  and 
unopened  so  long  as  the  ship  remains  within  the  jurisdiction  of  the 
Local  Authority.  He  may  also,  where  the  Local  Authority  provides 
a  proper  supply  of  water  for  drinking  and  cooking  purposes,  direct 
that  all  casks  or  tanks  on  the  ship  which  contain  the  water-supply 
thereof,  shall  be  emptied,  cleansed,  and  thereafter  be  replenished. 
The  Regulations  enact  that  a  Local  Authority  may  appoint  one  or 
more  legally  qualified  medical  practitioners  to  act  in  the  execution  of 
this  order,  either  in  place  of  or  as  an  assistant  or  assistants  to  the 
Medical  Officer  of  Health,  and  may  pay  such  practitioners  reasonable 
remuneration. 

Port  Sanitary  Districts  and  Authorities. — While  by  virtue  of  section 
177  of  the  Public  Health  (Scotland)  Act,  1897,  a  Local  Authority  has 
control,  for  sanitary  administration,  over  any  ship  which  may  lie  in 
any  river,  harbour,  or  other  water  within  the  area  of  the  Local  Authority, 
or  ex  adverse  such  harbour,  river,  etc.,  and  over  any  ship  within  three 
mUes  of  the  coast  forming  the  boundary  of  the  area  of  theLocal  Authority, 
further  powers  have  been  conferred  upon  a  Local  Authority  or  authorities 
as  Port  Sanitary  Authority  upon  the  establishment  of  a  Pori;  Sanitary 
District.  The  Local  Government  Board  may  by  Provisional  Order 
constitute  any  Local  Authority  whose  district  or  part  of  it  forms  a  part  of 
or  abuts  on  any  part  of  a  port  or  the  waters  of  such  a  poit,  or  any  persons 
having  authority  in  or  over  such  port  or  part  of  it,  "Port  Local  Authority." 
Such  Port  Local  Authoritymay  be  constituted  by  a  singleLocal  Authority, 
or  by  a  joint  authority  of  two  or  more  Local  Authorities  having  jurisdiction 
within  the  same  area  (where,  for  example,  a  navigable  river  forms  the 
boundary-line  of  two  counties  or  burghs),  or  of  representatives  of  two 
or  more  of  said  Local  Authorities.  On  the  institution  of  a  Poii;  Local 
Authority  by  the  Board  by  Order,  said  Order  must  be  forthwith  laid  before 
Parliament.  The  powers  conferred  upon  a  Port  Local  Authority  are  those 
which  are  embraced  in  the  Public  Health  Acts  as  referable  to  houses,  with 
reference  to  nuisances,  structural  alterations,  as  for  ventilation  of  sleeping 
places,  water-storage,  etc. 

Up  till  the  present  time  the  sole  Port  Local  Authority  which  has  been 
constituted  in  Scotland  is  Glasgow,  which  made  application  to  the  Scottish 
Local  Government  Board  to  be  so  constituted  for  the  Customs  port  of 
Glasgow,  regarding  which  evidence  was  heard  by  a  Commissioner  ap- 
pointed by  the  Board  in  1903.  Powers  to  do  this  were  only  conferred 
upon  the  Scottish  Local  Government  Board  in  the  Public  Health  (Scot- 
land) Act,  1897,  sees.  172-176,  these  having  been  enacted  in  like  terms 
to  those  of  the  English  Act  of  1875,  sees.  287-292.  The  Local  Govern- 
ment Board  constituted  in  England  and  Wales,  on  the  other  hand,  sixty 
Port  Authorities,  fifty-eight  permanently,  and  two  temporarily.  In 
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thirty-four  of  this  total  number  the  administration  is  vested  in  a  single 
Local  Authority,  and  in  twenty-six  in  joint  Boards.^ 

The  essential  duties  of  a  Port  Local  Authority  may  be  comprehended 
under  the  following  heads — viz. 

(1)  The  institution  regarding  ships  of  all  those  measures  which  a 
Sanitary  Authority  may  institute  with  regard  to  houses  for  the  pre- 
serv'ation  of  the  health  of  their  inmates,  and  for  preventing  the  spread 
of  infective  diseases  ;  (2)  the  exercise  of  the  Powers  conferred  upon 
Local  Authorities  by  the  Cholera  Orders,  viz.  :  medical  inspection  of 
ships,  their  crews,  and  passengers  with  reference  to  detection  of  the 
diseases  named  in  the  Orders  and  of  any  other  infective  diseases,  the 
isolation  of  infective  persons,  the  sanitary  condition  of  the  ship  itself, 
the  institution  of  the  necessary  measures  of  disinfection,  and,  generally, 
quarantine  measures— all  with  the  object  of  preventing  infectious 
disease  being  spread  from  ship  to  port  populations,  and  thence  through- 
out the  country. 

The  duties  of  a  Port  Medical  Ofificer  of  Health  have  been  laid  down 
by  a  General  Order  of  the  English  Local  Government  Board  of  date 
19th  June  1893,  and  those  of  Port  Inspector  of  Nuisances,  by  an  Order 
of  date  19th  July  1883.    {Vide  p.  12.) 

Places  for  the  Reception  of  Persons  who  have  been  exposed  to 
Infection,  and  of  Infective  Persons.— In  order  to  prevent  the  spread  of 
infective  diseases,  the  existence  of  which  has  been  revealed  by  notifi- 
cation, the  Public  Health  (Scotland)  Act,  1897,  provides  for  the  estab- 
hshment  of :  (a)  Houses  of  Reception,  and  (6)  Hospitals,  the  former 
of  which  are  intended  for  those  who  have  been  exposed  to  infective 
disease,  but  who  are  not  yet,  and  who  may  not  be,  attacked  by  the 
disease ;  the  latter,  for  those  who  have  ben  exposed  and  who  already 
have  contracted  the  disease.    The  law  in  Scotland  respecting  Reception- 
houses  will  be  found  in  the  following  sections  of  the  above  Act,  in 
order  of  sequence,  viz.  :   Sections  47  (sub-section  4) ;   54,  66  (sub- 
section 1)  ;  and  141.    Their  purpose  will  be  better  revealed,  however, 
if  these  are  discussed  in  a  difierent  order..   Section  66  (1)  is  to  the 
efiect  that  any  Local  Authority  may,  and  if  required  by  the  Local  Govern- 
ment Board  shall,  provide,  furnish,  and  maintain  for  the  use  of  the 
inhabitants  of  their  district  suffering  from  infectious  diseases,  hospitals, 
temporary  or  permanent,  and  houses  of  reception  for  convalescents  from 
infectious  diseases,  or  for  persons  who  have  been  exposed  to  infection ; 
section  141  authorises  a  Local  Authority  to  borrow  moneys  for  the  above 
purposes ;  section  47,  sub-section  4  gives  the  Local  Authority  power, 
when  deemed  necessary,  to  remove  from  any  house  or  part  thereof,  or 
from  any  tenement  of  houses,  all  or  any  of  the  residents  not  being 
themselves  sick,  on  account  of  the  existence  or  recent  existence  therein 
of  infectious  disease,  or  for  the  purpose  of  disinfecting  such  house  or 
part  thereof,  or  such  tenement  or  part  thereof,  when,  after  representation 
to  a  Sheriff,  magistrate,  or  justice,  said  Sheriff,  etc.,  on  being  satisfied 
of  the  necessity  for  such  removal,  shall  grant  the  necessary  warrant. 
The  Local  Authority  is  by  this  section  empowered  to  provide  temporary 
shelter  or  house-accommodation,  and,  if  necessary,  maintenance  with 
'  Reports  ivnd  Paporri  on  the  Port  and  Riparian  Sanitary  Survey  of  England 
and  Wales,  1893-181)4,  issued  by  the  Local  Government  Board,  1895, 
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any  necessary  attendance,  free  of  charge,  for  sucli  removed  persons 
during  the  period  of  their  removal.  Section  54  deals  with  the  removal 
to  hospital  of  infected  persons  without  proper  lodging,  and  also  enacts 
as  an  alternative  measure  that  the  magistrate  may  direct  the  removal 
from  the  room  or  house  occupied  by  such  persons  of  all  others  not  in 
attendance  on  him,  the  Local  Authority  to  provide  suitable  accommoda- 
tion for  such  person  or  persons.  Reception-houses  are  thus  obviously 
intended  to  act  as  one  of  the  preventive  measures  against  the  spread 
of  infective  diseases,  and  may  be  reckoned  as  a  necessary  integral  part 
of  the  sanitary  equipment  of  a  well-constituted  Local  Authority.  Ex- 
posure to  infection  and  impossibility  of  disinfection  of  the  homes  unless 
vacated  are  the  gauges  by  which  a  Local  Authorit)^  may  test  its  powers  of 
removal.  Assuming  that  persons  so  exposed  are  removed,  under  what 
condition  are  they  to  be  treated  ?  The  object  and  intention  of  removal 
being  to  discover  whether  from  such  exposure  the  disease  will  develop  in 
those  exposed,  it  is  therefore  necessary  to  keep  the  persons  under  regu- 
lated observation  for  such  periods  as  will  overlap  the  incubation- 
periods  of  the  diseases  to  which  they  have  been  exposed.  During  the 
period  of  detention,  however,  according  to  the  present  interpretation 
of  the  law,  no  control  over  the  movements  of  those  received,  except  as 
regards  decency  and  order,  can  be  exercised.  Accordingly,  in  certain 
populous  places  such  persons  are  allowed  to  go  about  in  public  as  they 
will,  even  to  attend  their  employment. 

There  can  be  little  doubt  as  to  the  advisability  of  conferring  upon 
Local  Authorities  the  powers  of  compulsory  detention  and  isolation  of 
such  persons,  with  respect  at  least  to, certain  of  the  infective  diseases. 
Even  with  compulsory  powers  of  isolation,  Reception-houses  should  be 
so  placed  that  a  small  area  of  surrounding  land,  for  purposes  of  exercise 
and  recreation  of  the  inmates,  should  act  as  a  zone  of  separation  from 
the  outside  community;  they  should  be  placed  on  the  outskirts  of  a 
town  or  city ;  the  inmates  should  be  medically  inspected  daily,  and 
thermometric  observations  made  twice  daily ;  each  house  should 
possess  an  isolation-room  for  the  prompt  isolation  of  any  inmate  who  is 
attacked  by  a  suspicious  febrile  illness,  since  in  the  absence  of  such  pro- 
vision the  Reception-house  would  itself  become  an  infected  place  within 
the  meaning  of  the  Act,  and  would  thus  expose  the  other  inmates  to 
a  prolonged  extension  of  the  period  of  quarantine.  Further,  families 
who  have  been  removed  by  reason  of  exposure  to  one  infective  disease 
should  not  be  allowed,  owing  to  the  risks  of  new  infection,  to  mix  with 
other  families  who  have  been  exposed  to  another  infective  disease, 
as  is  too  often  the  case.  In  short,  if  Reception-houses  are  to  form  a 
really  valuable  factor  in  the  prevention  of  spread  of  infective  diseases, 
the  regulations  regarding  them  must  largely  be  recast.^ 

"  Reception-Houses."    Paper  by  the  Author,  Trans.  San.  Ass.  of  Scot., 
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LAW  RESPECTING  INFECTIOUS  DISEASES— PREVENTION 
AND  MITIGATION— IN  ENGLAND  AND  SCOTLAND 

England. 

The  Acts  of  Parliament  relating  to  this  subject  in  England  are  the 
following — viz. 

L  Public  Health  Act,  1875 ;  Sections  120-130. 

IL  Infectious  Disease  (Prevention)  Act,  1890.   Whole  Act. 

(Adoptive  to  sanitary  districts  in  England,  other  than  London  in 
which  it  is  statutorily  obligatory.) 

IIL  PubUc  Health  Acts  Amendment  Act,  1907 ;  Part  IV.,  Sections 
52-68. 

(Applicable  to  Sanitary  Districts  by  Order  of  Local  Government 
Board  on  application  of  any  Local  Authority.) 

IV.  Infectious  Disease  (Notification)  Act,  1889. 

V.  Infectious  Disease  Notification  Extension  Act,  1899. 

Scotland. 

The  Acts  of  Parhament  in  Scotland  are  : 

L  Public  Health  (Scotland)  Act,  1897;  Part  IIL,  Sections  44-65 ; 

Prevention  of  Epidemic  Diseases ;  Part  IV.      "  78-87 
IL  Public  Health  (Scotland)  Amendment  Act,  1907.  "  Whole  Act 
An  efiort  has  been  made  in  the  succeeding  pages  to  correlate  the  law 
m  England  and  Scotland  with  respect  to  the  provisions  contained  therein 
so  that  the  student  may  the  more  readily  grasp  the  subject.  ' 

Infectious  Diseases. — Prevention  and  Mitigation. 

PubUc  Health  (Scotland)  Act,  1897;  Part  IIL,  Sections  44-65- 
Sections  67-71.  ' 

Section  44  Enacts  that  the  provisions  of  the  Infectious  Disease  (Notifica-  Notification  of 
tion)  Act,  1889,  shall  extend  to  and  take  effect  in  every  district  of  Scotland  ^"fectious 
whether  atUjpted  or  not  before  the  commencement  of  this  Act  ' 

Section  45.  Gives  power  to  the  M.  0.  H. ,  at  reasonable  times  in  the  daytime,  Empowers  the 
to  enter,  and  mapect  any  house  or  premises  in  the  district  in  wliich  he  has  reason         ^-  ^° 
to  beHeve  that  any  infectious  disease  exists,  or  has  recently  existed,  and  to  ^^etiseswh?^' 
examine  any  person  found  on  such  premises  to  ascertam  whether  such  person  is  i>>fectious 
or  has  been  suffermg  from  any  infectious  disease.  In  the  event  of  admission  on  . 
inspection,  or  examination  being  refused,  the  Sheriff,  magistrate,  or  justice  may"  I'^T^X 
on  reasonable  cause  shown,  grant  warrant  for  such  entry,  inspection  and  exa  «^n>n"'o  porson.s 
mination,  and  on  such  warrant  being  obtained  and  exhibited,  any  person 're" 
fusing  to  admit  the  Medical  Officer,  or  obstructing  him  in  making  the  inspection 
or  examination,  shall  be  liable  to  a  penalty. 

[Note  — rho  term  "  infectious  disease'"  herein  used  does  not  appear  to  be 
re.gtncted  to  the  diseases  notifiable  in  the  Notification  Act.] 
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Makes  Provision 
for  the  removal, 
and  destruction 
or  disinfection 
and  return  of 
infected  articles. 


Power  to  cleanse 
and  disinfect 
premises  and 
articles. 


In  case  of  non- 
compliance of 
occupier  or 
owner,  Local 
Authority  to 
carry  out 
disinfection. 


Local  Authority 
empowered  to 
remove  resi- 
dents, not  sick, 
from  premises, 
on  account  of 
existence  of 
infections 
disease  therein. 


Local  Authority 
to  provide 
shelter,  etc.,  to 
those  removed. 


Section  46.  (1)  Enacts  that  every  Local  Authority  may,  and  when  required 
by  tho  L.  G.  Board  .shall,  provide  either  within  or  without  their  district,  proper 
premises  and  necessary  apparatus  and  attendance  ff)r  the  destruction  and  for 
the  disinfection,  and  carriages  and  ves.sels  for  the  removal,  of  articles  (whether 
bedding,  clothing,  or  other)  which  have  become  infected  by  any  infectious 
disease,  and  shall  cause  any  such  articles  to  be  destroyed,  or  to  be  disinfected 
and  retiu-ned,  and  may  remove,  may  destroj',  or  may  disinfect  and  return  tho 
same  free  of  charge. 

(2)  Local  Authorities  may  combine  for  these  purposes,  or  one  Authority 
may  contract  M'ith  another  having  the  necessary  apparatus  and  appliances  for 
these  purposes. 

[Note. — The  first  part  of  this  section  is,  in  general  terms,  alike  to  section  6 
of  the  Infectious  Disease  (Prevention)  Act,  1890,  and  to  section  59  of  the 
Public  Health  (London)  Act,  1891.] 

Section  47.  (1)  Wiere  it  appears  to  the  Local  Authority,  upon  the  certificate 
of  the  Medical  Officer  or  any  other  legally  qualified  medical  practitioner,  that 
the  cleansing  and  disinfection  of  any  house  and  of  any  articles  therein  hkely  to 
retain  infection,  would  tend  to  prevent  or  check  any  infectious  disease,  such 
Authority  may  serve  notice  on  the  occupier  of  such  house,  or  if  the  house  be  im- 
occupied  on  the  owner,  that  the  house  or  any  such  articles  therein  will  be  cleansed 
and  disinfected,  or  (as  regards  the  articles)  destroyed,  by  the  Local  Authority, 
unless  such  person  informs  the  Local  Aiithority  that,  within  a  time  specified  in 
the  notice  after  its  receipt,  he  will  do  the  work  required  to  the  satisfaction  of  the 
Medical  Officer  or  of  a  practitioner,  as  testified  by  certificate,  within  a  time  fixed 
in  the  notice. 

[Note. — This  section  is  ahke  in  terms  to  section  5  of  the  Infectious  Disease 
(Prevention.)  Act,  1890,  and  to  section  60  of  the  Pubhc  Health  (London)  Act, 
1891. 

Wliere  section  5  of  the  former  Act  is  adopted  in  any  district,  section  120  of 
the  Public  Health  Act,  1875,  shall  be  repealed.] 

(2)  If  such  owner  or  occupier,  within,  the  time  specified  in  such  notice,  fails 
to  inform  the  Local  Authority  as  aforesaid  ;  or  having  informed  the  Local 
Authority,  fails  to  perform  within  the  time  fixed  in  the  notice  ;  or  where  such 
occupier  or  owner,  without  such  notice,  gives  his  consent;  the  house  and  articles 
shall  be  dealt  with  by  the  officers  of,  and  at  the  cost  of,  the  Local  Authority. 

(3)  To  carry  into  effect  the  purpose  of  this  section,  the  Local  Authority  maj' 
enter  by  day  on  any  premises. 

(4)  If  the  Local  Authority  deem  it  necessary  to  remove  from  any  house  or 
part  thereof,  or  from  any  tenement  of  houses,  all  or  any  of  the  residents  not 
being  themselves  sick,  on  accoimt  of  the  existence  or  recent  existence  therein 
of  infectious  disease,  or  for  the  pm-pose  of  disinfecting  such  house  or  tenement 
or  parts  thereof,  they  may  make  application  to  a  Sheriff,  magistrate,  or  justice, 
and  the  Sheriff ,  magistrate,  or  justice,  if  satisfied  of  the  necessity  of  such  removal, 
may  grant  a  warrant  authorising  the  Local  Authority  to  remove  such  residents, 
and  imposing  such  conditions  as  to  time  and  otherwise  as  to  him  may  seem  fit. 
Provided  always  that  no  such  warrant  shall  be  necessary  when  the  removal  is 
carried  out  with  consent. 

The  Local  Authority  shall,  and  they  are  hereby  empowered  to,  provide  tem- 
porary shelter  or  house-accommodation,  and,  if  necessary,  maintenance  with 
necessary  attendants,  free  of  charge,  for  such  persons  while  prevented  from 
returning  bo  such  house  or  tenement  or  parts  thereof. 

[Note. — Section  15  of  the  Infectious  Disease  (Prevention)  Act,  1875,  is  in  like 
terms,  but  it  applies  only  to  one  family.] 

(5)  When  the  Local  Authority  hfive  disinfected  any  house  or  any  article,  as 
hereinbefore  provided,  they  shall  compensate  the  occupier  or  owier  for  any 
unnecessary  damage  thereby  caused  to  such  house  or  article  ;  and  when  the 
Authority  destroy  any  article  they  sliall  reasonably  compensate  the  o%vnpr 
thereof. 
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For  tho  purpose  of  this  section  the  word  "  house  "  shall  include  any  tent  or 
van  or  any  ship  lying  in  any  sea,  river,  harbour,  or  other  water,  or  ex  adverso 
of  any  place  within  the  limits  of  the  Local  Authority. 

[Sub-section  5  of  this  section  is  akin  in  terms  to  section  (i  of  tho  Infectious 
Disease  (Prev-ention)  Act,  1890. 

Sub-section  1  of  this  section  corresponds  in  terms  to  section  120  of  the 
Pubhc  Health  Act,  1875. 

Section  56  of  the  Pubhc  Health  Acts  Amendnient  Act,  1907,  is  in  terms 
alike  generally  to  sub-sections  1  and  5  of  this  section,  but  it  deals  only  with  the 
need  for  cleansing,  purification,  or  destruction  of  any  articles  in  a  dwelling- 
house  by  reason  of  their  filthy  condition,  and  contains  no  reference  to  their 
exposure  to  or  retention  of  infection. 

Section  61  of  the  above  Act  authorises  a  Local  Authority  to  exercise  the 
powers  of  section  15  of  the  Infectious  Disease  (Prevention)  Act,  1890,  whether 
that  section  has  or  has  not  been  adopted  in  the  district,  and  where  the  L.  A.  so 
determine,  those  powers  may  be  exercised  for  providing  temporary  shelter  or 
house-accommodation  with  any  necessary  attendants  for  any  person  who 
leaves  a  house  after  any  infectious  disease  has  appeared  therein  ;  and  when  the 
L.  A.  has  pro\dded  such  temporary  shelter  or  house-accommodation,  they  may, 
on  the  appearance  of  any  infectious  disease  in  a  house,  and  on  the  certificate 
of  the  M.  O.  H.,  cause  any  person  who  is  not  himself  sick  and  who  consents 
to  leave  the  house,  or  whose  parent  or  guardian  (where  the  person  is  a  child) 
consents  to  his  leaving  the  house,  to  be  removed  therefrom  to  such  temporary 
shelter  or  accommodation,  and  where  consent  is  not  given,  under  an  order  of  two 
justices,  on  application  of  the  L.  A.,  subject  to  any  conditions  as  are  imposed 
by  the  order.  The  removal  shall  be  conducted  without  cost  to  the  person 
removed  or  to  the  parent  or  guardian  of  that  person.  The  word  "  house  "  is 
interpreted  as  in  section  47  of  the  Scottish  Act. 

Section  15  of  the  Infectious  Disease  (Prevention)  Act,  1890,  reads  as  follows  : 
— The  Local  Authority  shall  from  time  to  time  provide,  free  of  charge,  tem- 
porary shelter  or  house-accommodation  with  any  necessary  attendants  for  the 
members  of  any  family  in  which  any  infectious  disease  has  appeared,  who  have 
been  compelled  to  leave  their  dwellings  for  the  purpose  of  enabling  such 
dwelhngs  to  be  disinfected  by  the  Local  Authority. 

Section  66  of  the  Pubhc  Health  Acts  Amendment  Act,  1907,  is  identical  in 
phraseology  with  .section  47  of  the  Scottish  Act  in  respect  of  sub-sections  1, 
2,  3,  and  5,  except  that  in  the  Enghsh  Act  the  word  "  dangerous  "  precedes  the 
words  "  infectious  disease  "  in  sub-section  1,  and  the  word  "  master  "  has  been 
substituted  for  the  word  "  occupier  "  in  that  sub-section  and  in  sub-sections 
2  and  4.  The  expression  "  master  "  is  defined  to  mean  the  person  in  occupa- 
tion of  or  having  the  charge,  management,  or  control  of  a  house  or  part  of  a 
house,  and  where  a  house  is  let  out  in  separate  tenements,  or  is  a  lodgmg-house 
wholly  let  to  lodgers,  includes  the  person  receiving  the  rent  from  such  tenants 
or  lodgers. 

It  will  be  observed  that  the  meaning  attached  to  the  words  "  house  "  and 
"  tenement "  in  the  English  Act  is  different  from  the  meaning  in  the  Scottish 
Act.  In  Scotland,  a  tenement  is  usually  spoken  of  as  being  divided  into  houses 
or  separate  occupancies  held  by  separate  occupiers  ;  in  England,  and  certainly 
in  this  .section  66,  a  house  is  spoken  of  as  being  let  out  in  separate  tenements. 

Section  67  of  the  same  Act  of  1907  enacts  that — the  L.  A.  may  provide 
nurses  for  patients  suffering  from  any  infectious  disease  in  their  district,  who, 
owing  to  want  of  accommodation  at  the  hospital  or  danger  of  infection,  cannot 
be  removed  to  hospital,  or  in  cases  wlioro  such  removal  is  likely  to  endanger 
the  patients'  health,  and  may,  if  they  think  (it,  charge  reasonable  sums  for  the 
services  of  nurses  so  provided  ;  but  nothing  in  this  section  shall  be  deemed 
to  take  away  or  diminish  tho  necessity  of  providing  hospital-accommodation 
for  persons  suffering  from  infectious  disease. 

Section  68  makes  it  unlawful  to  hold  any  wake  over  the  body  of  any  person 
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L.  A.  may  soi  vo 
notice  on  owner 
of  bedding,  etc., 
exposed  to  in- 
fection, to 
deliver  same 
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for  disinfection 
or  destruction. 


Persons  engaged 
in  washing  or 
nianglingclothes 
to  furnish  to 
L.  A.  a  list  of 
customers  when 
required. 


Forbids  any 
infected  matter 
to  be  put  into 
ash-pits. 


Penalty  on 
letting  houses  in 
which  persons 
have  been 
suffering  from 
infectious 
disease. 


Penalty  on 
persons  letting 
houses  on  hire 
who  make  false 
statements  as  to 
recent  existence 


•who  has  died  of  infectious  disease,  and  the  occupier  of  any  premises  to  permit 
any  such  wake  to  bo  so  Jield,  or  for  any  person  to  attend  any  sucli  wake,  under 
a  penalty  in  each  case.] 

Section  48.  (1)  Any  Local  Autliority  may  servo  a  notice  on  the  owner  of 
any  bedtling,  clothing,  or  other  articles  whicli  liave  been  exposed  to  the  infec- 
tion of  any  infectious  disease,  requiring  tlie  dehvery  of  the  same  to  an  officer 
of  the  Local  Autliority  for  tlie  purpose  of  destruction  or  disinfection  ;  and  if 
any  person  fails  to  comply  with  sucli  notice  he  shall  be  hable  to  a  penalty 

[Tliis  is  akin  in  terms  to  section  6  of  the  Infectious  Disease  (Prevention)  Act 
1890,  and  to  section  61  of  the  Public  Health  (London)  Act,  1891.1 

(2)  Such  bedding,  etc.,  if  dismfected  by  the  Local  Authority,  shaU  be  re- 
turned to  the  owner  free  of  charge,  and  if  any  of  such  suffer  any  unnecessary 
damage,  reasonable  compensation  shall  be  paid  to  the  owner. 

Section  49.  Whenever  it  shall  be  certified  to  the  Local  Authority  by  the 
M.  O.  H.  that  it  is  desu-able,  with  a  view  to  prevent  the  spread  of  infectious 
disease,  that  they  should  be  furnished  with  a  Ust  of  the  customers  of  any 
person  or  company  engaged  for  gain  in  the  washing  or  mangUng  of  clothes, 
the  Local  Autliority  may  requure  such  person  or  company  to  furnish  to  them  a 
full  and  complete  Hst  of  the  names  and  addresses  of  the  owners  of  clothes  for 
whom  they  have  done  work  during  the  past  six  weeks  ;  and  such  person  or 
company  shall  provide  such  a  Ust,  for  which  the  Local  Authority  shall  pay  the 
sum  of  sixpence,  and  at  the  rate  of  sixpence  for  every  twenty-five  names  con- 
tained, but  no  such  payment  to  exceed  tliree  shillings.  Every  person  who 
wilfully  or  Isnowmgly  offends  against  this  enactment  shaU  be  Uable  to  a 
penalty. 

[iVoie.— There  is  no  similar  provision  in  any  EngUsh  PubUc  Health  Act. 

bection  55  of  the  EngUsh  PubUc  Health  Acts  Amendment  Act,  1907,  enacts 
that  a  person  shaU  not  take  or  send  to  any  public  wash-house  or  laundry,  for 
the  purpose  of  being  washed,  any  bedding,  clothing,  or  other  tilings  wliich  he 
knows  to  have  been  exposed  to  infection,  unless  they  have  been  disinfected  bv 
or  to  the  satisfaction  of  the  Local  Authority  or  their  M.  O.  H.  or  of  a  quaUfied 
practitioner,  or  are  sent  to  a  laundry  with  proper  precautions  for  the  purpose 
ot  drsmtection,  with  notice  that  they  have  been  exposed  to  infection.] 

Section  50.  (1)  Forbids  under  a  penalty  any  person  to  knowingly  cast  or 
put,  or  to  cause  to  be  cast  or  put,  iuto  any  ash-pit,  or  otherwise  to  expose,  any 
matter  or  article  infected  by  infectious  disease. 

1  ^^P^^^fectioJi  is  aliin  to  section  13  of  the  Infectious  Disease  (Prevention)  Act, 
1890,  and  section  62  of  the  PubUc  Health  (London)  Act,  1891] 

(2)  The  Local  Authority  shall  cause  a  notice  of  the  provisions  of  this  section 
to  be  served  on  the  occupier  of  any  house  in  which  they  are  aware  that  there  is 
a  person  suffering  from  an  infectious  disease. 

[This  sub-section  corresponds  in  terms  to  section  14  of  the  Infectious  Disease 
(Prevention)  Act,  1890.] 

Section  51.  (1)  Any  person  who  knowinglv  lets  for  liire  any  house  or  part 
ot  a  house  in  which  any  person  has  been  suffering  from  any  infectious  disease, 
without  havmg  the  same,  and  all  articles  therein  Uable  to  retain  infection, 
aismtected  to  the  satisfaction  of  the  Medical  Officer  as  testified  by  a  certificate 
signed  by  him,  or  (as  regards  the  articles)  destroyed,  shall  be  Uable  to  a  penalt^• 
not  exceecUng  £20.  /  ^    .  r  . 

[This  section  follows  the  phraseology  of  section  63  of  the  PubUc  Health 
(London)  Act,  1891.] 

(2)  For  the  purposes  of  this  section,  the  keeper  of  an  inn  or  hotel  shall  be 
deemed  to  let  for  lure  part  of  a  house  to  any  person  admitted  as  a  guest  into 
such  inn  or  hotel. 

Section  52.  Any  person  letting  for  hire,  or  showing  for  the  purpose  of  lettmg 
lor  lure,  any  house  or  part  thereof,  who,  on  being  questioned  by  any  person 
negotiating  for  hu-e  as  to  the  fact  of  there  being,  or  within  six  weeks  previously 
iiavmg  been,  therein  any  person  suffering  from  any  infectious  disease,  know- 
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ingly  makes  a  false  answer  to  such  questions,  shall  be  liable  to  a  penalty  or  to  ofinfectious 
imprisonment.  disease. 
[This  section  is  taken  from  section  64of  thePublic  Health  (London)  Act,  1891.] 
Section  53.  (1)  Wliere  a  person  ceases  to  occupy  any  house  or  part  of  a 
liouse  in  wliich  any  person  has  within  six  weeks  previously  been  suffering  from  i>„„„n.„  „ 
any  mfectious  disease,  and  either —  ceasing  to  oc- 

(a)  fails  to  have  such  house,  and  all  articles  therein  liable  to  retain  infection,  ''HPy  ^ 
cUsuifected  to  the  satisfaction  of  the  Medical  Officer,  as  testified  by  his  certifi-  frcUon^rnoWce 
cate,  or  such  articles  destroyed  ;  or  (6)  fails  to  give  tlie  owner  or  occupier  of  to  owner,  or  on 
the  house  notice  of  the  previous  existence  of  such  disease  ;  or  (c)  on  being  ^^^^^^f  ^ 
questioned  by  the  owner  or  occupier  of,  or  by  any  person  negotiating  for  the 
hire  of,  such  house  or  part  of  a  house,  as  to  the  fact  of  there  having  within  six 
weeks  pre\aously  been  therein  any  person  suffering  from  any  infectious  disease, 
lmo^vingly  makes  a  false  answer  to  such  question,  he  shall  be  liable  to  a  penalty 
not  exceeding  £20. 

[Tliis  section  is  similar  in  terms  to  section  7  of  the  Infectious  Disease  (Pre- 
vention) Act,  1890,  and  to  section  65  of  the  PubHc  Health  (London)  Act,  1891, 
except  that  the  penalty  is  only  £10.] 

(2)  The  Local  Authority  shall  cause  their  officers  to  serve  notice  of  the  pro- 
\  isions  of  this  section  on  the  occupier  of  any  house,  or  part  of  a  house,  in  which 
they  are  aware  that  there  is  a  person  suffering  from  an  infectious  disease. 

Section  54.  A  person  suffering  from  any  infectious  disease,  who  is  without  Removal  to 
proper  lodging  or  accommodation,  or  is  so  lodged  that  proper  precautions  Hospital  of 
cannot  be  taken  for  preventmg  the  spread  of  the  disease,  or  is  lodged  in  a  tent,  withwt  proper 
or  van,  or  in  a  room  with  others  than  those  necessarily  in  attendance  on  such  lodging, 
person,  or  is  on  board  a  sliip,  may,  on  a  certificate  signed  by  the  Medical  Officer 
or  other  legally  quahfied  practitioner,  and  with  the  consent  of  the  superintend- 
ing body  of  the  hospital  to  which  he  is  to  be  removed,  be  removed  by  order  of 
a  Sheriff,  magistrate,  or  justice,  on  the  application  and  at  the  cost  of  the  Local 
Authority  of  the  district  wherein  such  person  is  found,  to  any  hospital  within 
a  convenient  distance,  and  such  person  may  be  therein  detained  so  long  as  he 
continues  in  an  infected  condition ;  or  the  Sheriff,  etc.,  may  direct  the  removal 
from  the  room  or  house  occupied  by  such  person  of  all  others  not  in  attendance 
on  him,  the  Local  Authority  providing  suitable  accommodation  for  such  re- 
moved persons  ; 

Provided  that  no  such  order  shaU  be  necessary  where  the  removal  is  by 
consent. 

(2)  The  order  may  be  addressed  to  any  constable  or  officer  of  the  Local 
Authority  as  tlie  Sheriff,  etc.,  thinks  expedient,  any  wilful  disobedience  or 
obstruction  to  any  such  order  to  be  followed  by  a  penalty. 

[This  follows  veryclosely  section  124  of  the  English  Public  HealthAct,  1875. 

Section  60  of  the  Public  Health  Acts  Amendment  Act,  1907,  provides  that 
nothing  in  section  132  of  the  English  PubHc  Health  Act,  1875,  with  respect  to 
the  recovery  of  the  cost  of  maintenance  in  a  hospital,  shall  require  the  L.  A. 
to  recover  the  same  from  a  patient  who  is  not  a  pauper  where  they  are  satis- 
fied that  the  circumstances  are  such  as  to  justify  remission  of  tlie  debt. 

Section  132,  referred  to,  gives  power  to  a  L.  A.  to  exact  the  cost  of  main- 
tenance in  a  hospital  or  temporary  place  for  the  reception  of  the  sick,  whether 
belonging  to  them  or  not,  from  any  patient  who  is  not  a  pauper,  any  time 
within  six  months  after  his  discharge  therefrom,  or  from  his  estate  in  the  event 
of  his  dying  in  such  hospital  or  place. 

Section  65  of  the  above  Amendment  Act  enacts  that  section  124  of  the 
Pubhc  Health  Act,  1875,  shall  apply  to  all  persons  suffering  from  any  dangerous 
infectious  disease  who  are  in  or  upon  any  premises  where  they  cannot  be 
effectually  isolated  so  as  to  prevent  the  spread  of  the  disease. 

Section  125  of  the  English  Act,  1875,  empowers  any  L.  A.  to  make  regula- 
tions (to  be  approved  by  the  L.  G.  Board)  for  removing  to  hospital,  and  for 
keeping  there  so  long  as  may  be  necessary,  any  person  suffering  from  a  danger- 
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infected  persons 
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on  dismissal, 
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without  proper 
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ous  infectious  disorder  who  is  brought  witliin  tlieir  district  by  any  ship  i 
boat.  ] 

Section  55.  (1)  A  Slioriff,  magistrate,  or  justice,  on  being  satisfied  on  tli 
apphcation  of  a  Local  Autliority  that  a  person  suffering  from  any  infectious 
disease  is  in  a  liospital,  and,  on  leaving  the  hospital,  would  not  be  providtvi 
with  lodging  or  accommodation  in  which  proper  precautions  could  be  taken  to 
prevent  the  spread  of  the  disease,  may  direct  such  person  to  be  detained  in 
hospital  at  the  cost  of  the  Local  Authority  during  the  time  specified  by  tlie 
Sheriff,  etc.,  who  may  enlarge  the  time  as  often  as  appears  to  him  necessary 
for  preventing  the  spread  of  the  disease. 

(2)  The  direction  may  be  executed  by  any  constable,  officer  of  the  Local 
Authority,  or  officer  of  the  hospital.  • 

[This  section  is  in  terms  simihar  to  section  12  of  the  Infectious  Disea- 
(Prevention)  Act,  1890,  and  to  section  67  of  the  Public  Health  (London)  4f  i 
1891.] 

Section  56.  (1)  If  any  person — 

(a)  while  suffering  from  any  infectious  disease  wiKully  exposes  himself 
without  proper  precautions  against  spreading  such  disease  in  any  .street, 
public  place,  shop,  inn,  hotel,  church,  or  any  place  used  in  common  by  person 
other  than  members  of  the  family  or  household  to  wliich  such  infected  perso 
belongs  ;  or  (b)  being  in  charge  of  any  person  so  suffering,  expo.ses  such  sufferer 
Penalty  against  or  (c)  Imowingly  gives,  lends,  sells,  pawns,  transmits,  removes,  or  expo.ses,  < 
?nfe^ted"artk;les  P^^^^^i*^  *o  be  washed  or  exposed  in  any  wash-house  or  washing-green  wliich  i 
■  used  in  common  by  persons  other  than  by  the  family  or  hortsehold  to  wliicli 
the  infected  person  belongs,  without  previous  disinfection  to  the  satisfaction 
of  the  M.  O.  H.  or  of  a  quaUfied  practitioner,  as  certified  by  liim  in  writing,  any 
bedding,  clothing,  or  other  articles  wliich   have   been  exposed  to  infec- 
Penalty  against  tion  from  any  such  disease  ;  or  {d)  wakes  or  permits  to  be  waked  in  any 
persoM  d°eld  of  °^  o^er  which  he  has  control,  the  body  of  any  person 

who  had  died  of  any  infectious  disease  ;  shall  be  hable  to  a  penalty  not 
exceeding  £5. 

(2)  Provided  that  proceedings  under  this  section  shall  not  be  taken  against 
persons  transmitting  with  proper  precautions  any  bedding,  etc.,  for  the  pur- 
pose of  disinfection. 

[This  section,  with  the  exception  of  clause  (d),  is  mainly  based  on  section 
68  of  the  PubHc  Health  (London)  Act,  1891. 

Section  126  of  the  EngHsh  P.  H.  Act,  1875,  is  nearly  identical  witli  thi- 
section  in  all  its  clauses,  but  in  Clause  (a)  anj^  person  suffering  from  any  infec- 
tious disorder  is  forbidden  to  enter  any  public  conveyance  without  notifying: 
previously  the  owner  or  driver  thereof. 

Section  62  of  the  Pubhc  Health  Acts  Amendment  Act,  1907  (England 
amends  that  part  of  section  126  of  the  P.  H.  Act,  1875,  which,  as  it  is  enactc 
therein,  reads  exactly  as  in  clause  (b)  of  the  Scottish  Act,  1897,  by  enactiiu 
that  after  the  word  "  sufferer  "  the  words  "  or  causes  or  permits  such  suffprn 
to  be  exposed  "  are  to  be  added.  ] 

Section  57.  Every  parent  or  guardian  having  charge  of  a  cliild  who  i.s  or 
has  been  suffering  from  infectious  disease,  or  who  resides  in  any  house  wherein 
such  disease  exists  or  has  existed  within  three  months,  who  shall  knowingl;- 
infocted  child  to  or  negHgently  permit  such  child  to  attend  school  without  procuring  and  pro- 
school,  ducing  to  the  teacher  of  such  school  a  certificate  from  the  Medical  Officer, 
which  he  shall  grant  free  of  charge,  or  from  a  quaUfied  practitioner  [that  such 
child  has  become  free  from  disease  and  infection,  and  that  tlie  hou.se  and  in- 
fected articles  therein  have  been  disinfected  to  the  satisfaction  of  such  medical 
officer  or  medical  practitioner],  shall  be  liable  to  a  penalty  ; 
Ivrsj  Provided  tliat  if  a  person  is  not  required  to  send  notice  in  the  first  instance, 
but  only  in  default  of  some  other  person,  he  shall  not  be  liable  to  any  penalty 
if  ho  satisfies  the  Court  that  ho  had  reasonable  cause  to  suppose  that  the  notice 
had  been  duly  sent. 
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Au\-  tenchor  or  person  in  charge  of  any  school  who  shall  loiowingly  permit  Penalty  against 
.in\-  child  to  attend  such  school  in  contravention  of  this  section,  shall  be  liable  ^j^t/^'jfjli^o^v. 
to  a  penalty  not  exceeding  40s.  ingly  an  infected 

[The  words  within  square  brackets  have  been  amended  by  the  Public  child  to  attend 
Health  (Scotland)  Amendment  Act,  1907,  section  1,  by  substituting  for  these  • 
the  following  words,  viz.  :    "  that  proper  precautions  against  spreading 
disease  or  infection  have  been  taken,  and  that  such  child  may  attend  school 
without  the  risk  of  infecting  others." 

With  the  exception  of  the  proviso,  the  section  as  it  stands  in  the  Act  is 
taken  from  sections  12  and  13  of  the  Glasgow  Police  Amendment  Act,  1890. 

Section  57  of  the  EngUsh  P.  H.  Acts  Amendment  Act,  1907,  deals  with  the 
same  subject,  but  differs  substantially  in  its  terms  from  section  57  of  tliis  Act. 
Its  terms  are  as  foJlows  : — No  person  being  the  parent  or  having  the  care  or 
charge  of  a  child  within  the  district  of  the  Local  Authority  who  is  or  has  been 
suffering  from  infectious  disease  or  has  been  exposed  to  infection  shall,  after  a 
notice  from  the  Medical  Officer  that  the  child  is  not  to  he  sent  to  school,  permit  such 
child  to  attend  school  wdthout  having  procured  from  the  Medical  Officer  a 
certificate  (which  shall  be  granted  free  of  charge  upon  application)  that  in  his 
opinion  such  child  may  attend  without  tmdue  risk  of  communicating  such 
disease  to  others  ;  under  a  penalty. 

Section  58  of  same  Act  enacts  (1)  that  the  priacipal  of  a  school  in  which 
any  scholar  is  suffering  from  an  infectious  disease  shall,  if  required  by  the 
Local  Authority,  fiu-nish  to  them  within  a  reasonable  time  fixed  by  them  a 
complete  Ust  of  the  names  and  addresses  of  the  scholars  in  or  attending  school 
or  any  specified  department  thereof  other  than  boarders ;  (2)  the  Local 
Authority  shall  pay  for  every  svich  list  the  srun  of  sixpence  where  the  number 
of  names  is  twenty-five  or  less,  and  a  further  sum  of  sixpence  for  every  other 
twenty-five  names  in  the  list  ;  (3)  if  the  principal  fails  to  comply  with  any  of 
the  provisions  of  this  section,  he  shall  be  liable  to  a  penalty  for  each  offence  ; 
(4)  in  this  section  the  expression  "  tlie  principal  "  means  the  person  in  charge 
of  the  school,  and  includes,  where  the  school  is  divided  into  departments  and 
there  is  no  single  person  at  the  head  of  the  whole  school,  as  respects  each 
department  the  head  of  that  department.] 

Section  58.  No  person  suffering  from  an  infections  disease,  or  who  is  living  prolilbition 

in  an  infected  house,  fshall  milk  any  animal,  or  pick  fruit,  or  shall  engage  in  against  infected 

n  XI         T,-         -    persons  engaging 

any  occupation  connected  with  food,  or]  carry  on  any  trade  or  business  m     tj^de  or 

such  a  manner  as  to  be  likely  to  spread  such  disease,  [and  any  person  who  business. 

knowing  himself  to  be  suffering  from  any  infectious  disease]  contravenes  this 

section  shall  be  liable  to  a  penalty  not  exceeding  £10. 

[This  section,  as  framed,  is  similar  to  section  69  of  the  Public  Health  (London) 
Act,  1891,  and,  so  far  as  milking  cows  is  concerned,  is  in  accordance  with  Article 
9  of  the  Dairies,  Cow.sheds,  and  Milkshops  Order,  1885.  It  is  also  alike  in 
terms  to  .section  52  of  the  P.  H.  Acts  Amendment  Act,  1907. 

The  section  has  been  amended  by  the  Public  Health  (Scotland)  Amendment 
Act,  1907.  For  the  series  of  words  within  the  first  square  brackets  that  Act 
has  substituted  the  following  words,  viz.  :  "  shall  (a),  without  proper  pre- 
cautiorus  against  spreading  such  disease  or  infection,  milk  any  animal,  or  pick 
fruit,  or  engage  in  any  occupation  connected  with  food,  or  shall  (6)  "  ;  and  for 
the  words  within  the  second  square  brackets,  the  following  words  :  "  or 
infection,  and  any  person  who  linowingly."] 

Section  59.  It  shall  not  be  lawful  for  any  owner  or  person  in  charge  of  a  Prohibition 
public  conveyance  or  ship  Imowingly  to  convey  therein,  or  for  any  person 
knowingly  to  place  therein,  a  person  suffering  from  any  infectious  disease,  or  person 'in  any' 
for  a  person  so  suffering  to  enter  any  such  conveyance  or  sliip,  [and  any  public  convoy- 
person  contravening  any  of  the  foregoing  provisions  shall  be  liable  to  a  penalty  '"•"'^^  "'"P- 
not  exceeding  ten  pounds  ;  and  if]  any  person  so  suffering  is  so  conveyed, 
the  owner  or  person  in  charge  of  such  conveyance  or  ship  shall,  as  soon  as  the 
fact  conies  to  his  knowledge,  intimate  the  same  to  the  Local  Authority,  and  shall 
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causo  the  conveyance,  etc.,  to  be  disinfected,  and  if  he  fails  to  do  tjiis  he  sliall 
be  hiiblo  to  a  penalty. 

Such  owner,  etc.,  .shall  be  entitled  to  recover  in  a  summary  manner  from  tlie 
person  or  guardian  of  the  person  so  conveyed,  a  sum  of  money  sufficient  to 
cover  any  loss  and  e.xpense  incurred. 

It  shall  bo  tlie  duty  of  tlie  Local  Authority,  wiien  required  by  such  owner 
etc.,  to  provide  for  the  disinfection  of  such  conveyance,  etc.,  and  the  Local 
Authority  may  do  so  free  of  charge. 

But  nothing  in  this  section  shall  prevent  the  removal  by  railway  train  or 
by  ship  of  persons  sufJering  from  infectious  disease,  if  they  are  conveyed  within 
an  ambulance-waggon  or  other  proper  vehicle  provided  or  approved  bv  the 
Local  Authority.  J'  " 

[The  words  within  square  brackets  have  been  amended  by  section  1  of  the 
Pubhc  Health  (Scotland)  Amendment  Act,  1907,  by  the  substitution  of  the 
followmg  words,  viz.  :  "  unless  in  every  such  ca'se  as  aforesaid  proper  pre- 
cautions have  been  taken  against  spreading  such  disease  or  infection  ;  and  any 
person  contravening  any  of  the  foregoing  provisions  shall  be  hable  to  a  penalty 
not  exceeding  ten  pounds  ;  and  if  without  such  precautions." 
^7n  ^^t^  some  differences,  this  section  as  origmally  framed  is  alike  to  section 
70  of  the  Public  Health  (London)  Act,  1891,  and  to  sections  126  and  127  of 
the  Pubhc  Health  Act,  1875.  This  section  has  been  closely  foUowed  as  to 
terms  by  sections  63  and  64  of  the  Pubhc  Health  Acts  Amendment  Act,  1907 
both  m  respect  of  prohibiting  the  conveyance  of  infected  persons  m  pubhc 
conveyances,  and  of  notice  to  be  given  to  the  Local  Authority  by  the  o^vner  or 
driver  of  the  conveyance  to  have  the  same  disinfected  ] 

dai?i:s"°»,°f.  -4^     ^^^^  ^•'^^''^^  0®°^'^  °f        dist'-i'^t  h'^s  evidence  that  any 

district  by 

person  m  the  district  is  suffering  from  an  infectious  disease  attributable  to  milk 
M.  O.  H.  in        supphed  withm  the  district  from  any  dau-y  luithin  the  district,  or  that  the  milk 
Sus^/J^eases  f'T  ^^^/^f  dairy  is  hkely  to  cause  any  such  disease  to  any  person  residing 
in  district aris-    ™       district,  he  shall  visit  such  dairy  and  shall  examme  the  dairy  and  everv 
ing  from  milk-    person  engaged  in  the  service  thereof  or  resident  upon  the  premises,  or  who 
may  be  resident  m  any  premises  where  any  person  employed  in  such  dairy  mav 
reside,  and,  if  accompanied  by  a  veterinary  sm-geon  approved  by  theYocal 
Autiionty,  shall  examine  the  animals  therein  ;  and  the  Medical  Officer  shall 
lorthwith  report  the  results  of  his  examination,  accompanied  by  the  report  of 
the  veterinary  sm-geon,  if  any,  to  the  Local  Authority  or  anv  committee  thereof 
""PPTl®*^  "^^'^^  14  of  this  Act  to  deal  with  such  matters. 

ca'sTof adairy  ^^^^^1  O^^er  has  evidence  that  such  disease  is  attributable  to 

without  the  any  dairy  without  the  district,  or  that  milk  from  any  such  dairy  is 

fv^fctsn'srcted  A  }^  ^''T.^  di^«^^«'      shall  forthwith  intimate  the  same  to  the  Local 

milk  is  supplied.  1:  iff  the  district  mwhich  such  dairy  is  situated,  and  such  Local  Authority 
shall  be  bound  forthwith  by  its  Medical  Officer  to  examine  the  dairy  and  the 
persons  aforesaid,  and  by  a  vetermary  surgeon  to  examine  tlie  animals  therein, 
previous  notice  of  the  time  of  such  examination  having  been  given  to  the  Local 
Autnority  of  the  first-mentioned  district  in  order  that  the  M.  O.  H.  or  ain- 
approyed  veterinary  surgeon,  if  they  so  desire,  mav  be  present  at  such  ex- 
amination. "  ' 

And  the  M.  0.  H.  of  the  second-mentioned  Authoritv  shall  forthwith 
report  tiie  results  of  his  examination,  accompanied  by  the  report  of  the 
vetermary  surgeon,  if  any,  to  that  Local  Authority  {i.e.,  the  second-mentioned 
Autnority)  or  any  committee  of  the  same  appointed  under  section  14  to  deal 
with  such  matters. 

heatvl^ports  and  o  ^^^P'®  ^"'^''^  Authority  of  the  district  in  which  the  dairy  is  situat<?d,  or  anv 
evidence,  and  comnimeo  appointed  for  the  purpose,  shall  meet  forthwith  and  consider  the 
make  an  order,  reports  together  with  any  evidence  submitted  by  parties  concerned,  and  shall 
Appeal  to  T  "^ako  an  order  requiring  the  dairyman  to  cease  supply  of  milk  from  the 
County  Council  order  is  withdrawn,  or  resolve  that  no  such  order  is  necessarv. 

not  competent.         (4)  Where  proceedings  are  taken  or  any  order  is  made  under  this  section 
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by  the  Local  Authority  of  a  district  other  than  a  burgh,  it  shall  not  be  competent 
to  appeal  against  such  proceedings  or  such  order  to  the  County  Council. 

(5)  The  Local  Authority  may,  if  the  dairy  is  within  the  district,  require  the  L-  A.  may 
dairyman  not  to  supply  milk  either  within  or  without  the  district,  and  shall  mannot'to'^^' 
give  notice  of  the  fact  to  the  L.  A.  of  any  district  within  which  they  beUevo  supply  milk, 
the  milk  to  be  supplied  from  such  dairy. 

(6)  Any  such  order  shall  be  forthwith  withdrawn  on  the  L.  A.,  or  the  Order  to  be 

M.  O.  H.  oil  then-  behalf,  being  satisfied  that  the  milk  from  tlie  dairy  is  no  longer  M^^a  T is"^^'^" 
likely  to  cause  infectious  disease.  satisiied  dairy  is 

(7)  It  shall  be  open  to  any  L.  A.  or  dairjanan  aggrieved  by  any  such  resolu-  j'ectimisdisea.se 
tion  or  order,  or  withdi-awal  of  order,  to  appeal  summarily  to  the  Sheriff  in  ^ ^  ^^j. 

the  district  in  wliich  the  dairy  is  situated,  and  the  Sheriff  may  either  make  an  man  may  appeal 
order  requiring  the  dairj'man  to  cease  from  supplying  milk,  or  may  vary  or  *°  Sherifi;  who 
rescind  any  order  made  by  the  L.  A.,  and  he  may  at  any  time  withdraw  any  order.'"^^'^ 
order  made  imder  this  section. 

Pending  disposal  of  any  such  appeal  the  order  shall  remain  in  force. 

(8)  If  any  person  refuses  to  permit  the  M.  O.  H.  or  V.  S.  of  either  Local  Penalty  for 
Authority  to  make  examination  as  hereinbefore  provided,  or  after  an  order  has  of  v!'s^to'mak^' 
been  made  supplies  milk  in  contravention  of  such  order,  he  shall  be  liable  to  necessary 

a  penalty  for  the  offence,  and  to  a  fmther  penalty  for  daily  disobedience  ;  examination. 

(9)  Provided  that— 

(a)  proceedings  in  respect  of  the  offence  shall  be  taken  before  a  Sheriff 

haAdng  jmisdiction  in  the  place  where  the  dairy  is  situated  ;  and 

(b)  a  dairyman  shall  not  be  liable  to  an  action  for  breach  of  contract  if  the 

breach  is  due  to  an  order  imder  this  section. 

(10)  Nothing  in  or  done  under  this  section  shall  interfere  with  the  operation  This  section  not 
or  effect  of  the  Contagious  Diseases  (Animals)  Acts,  1878  to  1886,  or  of  any  to  interfere  with 
order,  licence,  or  act  of  the  Privy  Coimcil  or  the  Board  thereimder,  or  of  any  regu-  tS^s  Diseas°es' 
lation,  hcence,  or  act  of  a  L.  A.,  made  or  done  under  any  such  order  of  the  Privy  (Animals)  Acts 
Council  or  the  Board,  or  exempt  any  dairy,  building,  or  thing,  or  any  person  com^ciror^"^^ 
from  the  pro\'isions  of  any  general  Act  relating  to  dairies,  milk,  or  animals.  Board. 

[This  section,  with  several  modifications,  is  modelled  on  section  4  of  the 
Infectious  Disease  (Prevention)  Act,  1890,  and  on  section  71  of  the  PubUc 
Health  (London)  Act,  1891. 

In  the  Infectious  Disease  (Prevention)  Act,  the  M.  O.  H.  is  only  empowered 
to  inspect  a  dairy,  either  within  or  without  his  district,  if  authorised  by  an 
order  of  a  justice  having  jurisdiction  in  the  place  where  the  dairy  is  situated, 
and  if  accompanied  by  a  veterinary  sm-geon  to  inspect  the  animals  therein. 
Where  the  L.  A.  make  an  order  requiring  the  dairyman  to  cease  the  supply 
of  milk,  they  are  bound  to  report  the  facts  to  the  Sanitary  Authority  and 
County  Council  (if  any)  of  tlie  district  in  which  the  dairy  is  situated,  and  also 
to  the  Local  Government  Board,  where  the  dairy  is  without  their  cUstrict. 

The  Contagious  Diseases  (Animals)  Acts,  1878  and  1886,  were  repealed  by 
the  Diseases  of  Animals  Act,  1894,  with  the  exception  of  section  34  of  the  Act 
of  1878,  and  of  section  9  of  the  Act  of  1886.  Both  of  these  sections  refer  to 
dairies.  Section  34  of  the  Act  of  1878  gave  powers  to  the  Privy  Council  to 
make  orders  as  to  regi.stration  of  cow-keepers,  inspection  of  cows,  sanitary 
conditions  of  dairies,  protection  of  milk  against  contamination  and  infection, 
and  the  making  of  regulations  by  Local  Authorities.  In  virtue  of  this  power 
the  Privy  Council  issued  the  Dairies,  Milkshops,  and  Cowsheds  Order  of  1885. 
On  the  passing  into  law  of  the  C.  D.  (Animals)  Act,  188(),  section  9  transferred 
the  powers  of  the  Privy  Council  to  the  Local  Government  Board  ;  but  the 
order  of  ISS.")  remains,  nevertheless,  in  force,  and,  indeed,  many  Local  Atitlior- 
ities  have  made  regulations  in  terms  of  its  provisions.  The  Dairies,  etc., 
Order  of  1885  did  not,  liowevor,  extend  to  the  prohibition  of  the  sale  of  milk 
which  has  become  infected  ;  section  GO  is  intended  to  supply  that  defect. 
{Vide  p.  416.)]  ^ 

Section  61.  Whenever  it  shall  be  certified  to  the  Local  Authority  by  the  s^S^y"fnfonna. 
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tiou  and  to 
jnovide  list  of 
uustoiners. 


Dairymen  to 
produce  iuid 
exhibit  invoices, 
etc.,  relative  to 
consignment  or 
purchase  of  milk. 


Body  of  person 
(lying  of  in- 
fectious disease 
in  Hospital, etc., 
to  be  removed 
only  for  burial. 


M.  O.  H.  or  other  qualified  practitioner  that  the  outbreak  or  spread  of  infection- 
disease  within  the  district  is,  in  the  opinion  of  the  M.  O.  H.  or  niedical  practi- 
tioner, attributable  to  milk  supplied  by  any  dairyman,  whether  wholesale 
retail,  or  to  milk  supplied  by  one  or  other  of  several  such  dairymen,  wliethci 
wholesale  or  retail, — 

(1)  The  L.  A.  may  require  such  dairyman,  whether  within  or  without  the 
district,  to  furnish  them  within  a  time  to  be  fixed  by  them  (being  not  less  tliaii 
twenty-four  hours)  a  full  and  complete  li.st  of  the  names  and  addre.sses  of  all 
his  customers  within  the  district  so  far  as  ltl^own  to  him,  and  such  dairyman 
shall  accordingly  furnish  such  list,  and  the  L.  A.  shall  pay  to  him  for  every 
such  list  at  the  rate  of  sixpence  for  every  twenty-five  names  contained  tliereiii. 
Every  person  who  shall  wilfully  or  knowingly  offend  against  this  enactment 
shall  be  liable  to  a  penalty. 

(2)  The  L.  A.  may  also  require  such  dairyman  to  furnish  them  with  a  com- 
plete list  of  names  and  addresses  of  the  farmers,  dairynien,  or  other  parties 
from  whom,  during  a  period  to  be  specified,  the  milk,  or  any  part  of  the  milk 
wliich  they  sell  or  distribute,  was  obtained,  and,  if  required,  to  produce  and 
exhibit  to  the  M.  O.  H.  or  other  authorised  person,  all  invoices,  pass-books, 
accounts,  or  contracts,  connected  with  the  consignment  or  purchase  of  milk, 
and  such  dairyman  shall  furnish  such  Usts  and  exliibit  such  iavoices,  etc„ 
accordingly.    Penalty  follows  any  mlful  contravention  of  tliis  section. 

(3)  In  any  case  where  the  person  hable  to  any  penalty  under  tliis  section  is 
not  resident  withia  the  district  [of  the  L.  A.  calhng  for  the  invoices,  etc.],  such 
penalty  may  be  sued  for  before  the  Sheriff  of  the  comity  in  wliich  such  person 
either  lives  or  carries  on  business  by  the  Prociu^ator-fiseal. 

[This  section  (sub-section  2)  is  ahke  in  terms  to  section  53  of  the  EngUsh 
P.  H.  Acts  Amendment  Act,  1907. 

Section  54  of  the  Enghsh  P.  H.  Acts  Amendment  Act,  1907, enacts  that  every 
dairyman  supplyiag  milk  within  the  district  of  the  Local  Authority  from  pre- 
mises whether  within  or  beyond  the  district  shall  notify  to  the  M.  O.  H.  all 
cases  of  infectious  disease  among  persons  engaged  in  or  in  connection  with  his 
dairy  as  soon  as  he  becomes  aware  or  has  reason  to  suspect  that  such  infectious 
disease  exists.] 

Section  62.  A  person  shall  not,  without  the  sanction  in  writing,  of  the 
M.  O.  H.,  or  of  a  qualified  medical  practitioner,  retain  imbiu-ied  for  more  than 
forty-eight  hours  elsewhere  than  in  a  room  not  used  at  the  time  as  a  dwelhng- 
place,  sleeping-place,  or  worki-oom,  the  body  of  any  person  who  has  died  of 
any  infectious  disease,  under  a  penalty. 

[This  section  is  borrowed,  with  a  shght  difference  in  phraseology,  from  section 
8  of  the  Infectious  Disease  (Prevention)  Act,  1890,  and  from  section  72  of  the 
Pubhc  Health  (London)  Act,  1891.  The  difference  csnsists  in  the  words  "  in 
a  public  mortuary  "  being  in  the  English  Acts,  which  thus  reads  :  — "  elsewhere 
than  in  a  pubhc  mortuary  or  in  a  room,"  etc.] 

Section  63.  (1)  If  a  person  dies  in  a  hospital  or  place  of  temporary  accom- 
modation for  the  sick  from  any  infectious  disease,  and  the  O.  H.  or  any 
quahfied  medical  practitioner  certifies  that  in  his  opinion  it  is  desirable,  in 
order  to  prevent  the  risk  of  communicating  such  disease  or  of  spreading  mfec- 
tion,  that  the  body  be  not  removed  from  such  hospital  or  place  except  for 
burial  forthwith,  it  shall  not  be  lawful  for  any  person  to  remove  the  body 
except  for  tliat  purpose  ;  and  the  body  when  taken  out  of  such  hospital  or 
place  shall  be  forthwith  talcen  direct  to  the  place  of  burial,  and  there  buried. 

(2)  If  any  person  wilfully  offends  against  tliis  section  he  shall  be  liable  to  a 
penalty. 

(3)  Nothing  in  this  section  shall  prevent  the  removal  of  a  dead  body  from 
a  hospital  to  a  mortuary,  and  such  mortuary  shall,  for  the  purposes  of  this 
section,  be  deemed  part  of  such  hospital. 

[This  section  is  identical  with  section  9  of  the  Infections  Disease  (Prevention) 
Act,  1890,  and  with  section  73  of  the  PubUc  Health  (London)  Act,  1S91.] 
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Section  S^.  If  (a)  a  person  hires  or  uses  a  pviblic  conveyance  or  a  convey-  Public  convoy- 
uice  that  is  let  for  hh-e,  other  than  a  hearse,  for  conveying  the  body  of  a  person  cajuying^an''  '""^ 
\^  ho  lias  died  from  any  infectious  disease  without  previously  notifying  to  the  infectiou.s  body, 
owner  or  driver  of  the  conveyance  that  such  person  died  from  such  disease  ;  to  be  disinfected. 
'U-  (6)  the  owner  or  di'iver,  iimnediately  on  his  knowing  that  such  conveyance 
s  being  or  has  been  iised  for  conveying  such  body,  does  not  take  all  reasonable 
precautions  to  prevent  the  spread  of  infection,  or  does  not  forthwith  give 
intimation  to  the  L.  A.  and  provide  for  the  disinfection  of  the  conveyance  to 
'  he  satisfaction  of  the  L.  A.  ;  such  person  or  owner  or  di'iver  shall  be  Uable  to 
ik  penalty,  and  to  a  fiu-ther  penalty  for  every  day  dming  which  the  offence 
continues. 

[This  section  is  the  same  as  section  11  of  the  Infectious  Disease  (Prevention) 
Act,  1890,  and  section  74  of  the  Public  Health  (London)  Act,  1891.] 

Section  65.  The  L.  A.  may  make  bye-laws  for  secm-ing  the  cleanliness  and  Power  to  L.  A. 
sanitary  condition  of  p\iblic  conveyances  plying  within  its  district,  and  for  fg^ilbliif '^^"^ 
preventing  overcrowding  in  such  conveyances.  conveyances. 

Sections  67  to  69  inclusive  deal  with,  tlie  Conveyance  of  Infected 
Persons  to  Hospital,  Provision  of  Mortuaries,  the  Power  of  a  Sherifi  or 
Magistrate  to  order  Removal  of  Infective  Dead  bodies  to  a  Mortuary, 
and  the  Transportation  of  Infective  Dead  Bodies  by  Railway  or  other 
Public  Conveyance. 

Section  67.  L.  A.  may  provide  and  maintain,  or  may  combine  with  other  l.  a.  may  pro- 
Local  Authorities  so  to  provide,  ca.rriages  suitable  for  the  conveyance  of  ^''^^  means  of 
persons  suffering  from  any  infectious  disease,  and  pay  the  expense  of  convey-  f^fectedpersmis. 
ing  therein  any  person  so  suffering  to  a  hospital  or  other  place  of  destination. 

[Note. — This  section  is  similar  to  s.  123  of  the  EngHsh  Public  Health  Act, 
1875,  and  to  s.  78  of  the  P.  H.  (London)  Act,  189L 

Lifective  persons  may  be  conveyed  in  ambulances  by  railway  or  ship,  in 
terms  of  s.  59  of  the  Scottish  P.  H.  Act,  1897,  and  particularly  of  the  proviso 
at  the  end  of  that  section  [vide  p.  476).] 

Section  68.  L.  A.  may  provide  and  fit  up  a  proper  place  or  places  for  the  l.  a.  may  pro- 
reception  of  dead  bodies  before  interment  (in  this  Act  called  a  mortuary),  and  vide  mortuaries, 
may  make  bye-laws  with  respect  to  the  management  and  charges  for  the  use 
of  the  same. 

[Note. — The  Burial  Groimds  (Scotland)  Act,  1855,  gives  power  to  Parish 
Councils,  or  to  Town  Coimcils  in  Parliamentary  Burghs,  to  provide  mortuaries, 
the  Secretary  for  Scotland  to  make  regulations  with  regard  thereto  for  the  pro- 
tection of  the  pubhc  health  and  maintenance  of  public  decency. 

The  English  L.  G.  Board  in  their  Report  for  1883,  App.  p.  15,  have  laid 
down  model  bye-laws  for  mortuaries,  and  issued  a  memorandum  with  sugges- 
tions as  to  site,  construction,  and  management  of  the  same,  with  a  plan.] 

Section  69.  (1)  Where  either  (a)  the  body  of  a  person  who  has  died  of  any  Powerof  Sherill', 
infectious  disease  is  retained  in  a  room  in  which  persons  live  or  sleep  ;  or  movai°of'rf>a'a™' 
(6)  the  body  of  such  a  person  is  retained  without  the  sanction  in  writing  of  the  body^to  a'mor- 
M.  O.  H.,  or  any  legally  qualified  medical  practitioner,  for  more  than  48  hours,  tuary. 
elsewhere  than  in  a  room  not  used  at  the  time  as  a  dwelling-place,  sleeping- 
place,  or  work-room  ;  or  (c)  any  dead  body  is  retained  in  any  house  or  room 
or  ship  under  circumstances  which,  if  continued,  may  endanger  the  health  of 
the  inmates  thereof,  or  of  any  adjoining  or  neighbouring  house  or  building  ; 
or  {d)  any  dead  body  found  within  the  district  is  unclaimed,  or  no  sufficient 
person  undertakes  to  bury  it,  a  Slieriff,  magistrate,  or  justice  may,  on  a 
certificate  signed  by  a  medical  offlcer  or  other  legally  qualified  medical 
practitioner,  direct  that  the  body  be  removed,  at  the  cost  of  the  L.  A.,  to 
any  available  mortuary,  and  be  buried  within  the  time  limited  by  the 
Sheriff,  etc.  ;  and  if  it  is  tlie  l)otly  of  a  person  wlio  has  died  of  an  infec- 
tious disease,  or  if  he  considers  immediate  burial  necessary,  the  Sherill,  etc., 
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iiuiy  direct  thiit  the  body  be  buried  immediately  without  removal  to  tii,- 
mortuary. 

(2)  Unless  the  friends  or  relations  of  the  deceased  undertake  to  bury,  and 
do  bury,  the  body  within  the  time  limited,  it  shall  be  the  duty  of  tlie  L.  A. 
to  bury  such  body,  and  any  expense  so  incurred  may  be  recovered  by  then 
summarily  from  any  person  legally  liable  to  pay  the  expenses  of  such  burial. 

(3)  It  shall  not  be  lawful  to  transport  the  body  of  any  person  who  has  died 
of  any  infectious  disease  by  railway  or  other  public  conveyance,  not  being  a 
conveyance  reserved  for  such  purpo.se,  unless  and  until  the  Medical  Officer ."^or 
other  legally  qualified  medical  practitioner,  has  certified  that  every  precaution 
necessary  for  tlie  public  safety  has  been  adopted  to  his  satisfaction,  and  any 
imdertaker  or  other  person  who,  without  such  certificate,  shall  Imowmgb' 
remove  or  assist  in  removing,  and  any  person  who  shall  procure  or  endeavour 
to  procure  the  removal  of  such  dead  body  without  having  obtained  such  certi- 
ficate, shall  be  liable  to  a  penalty. 

(4)  If  any  person  obstructs  the  execution  of  any  direction  given  by  a 
Sheriff,  etc.,  imder  this  section,  he  shall  be  Uable  to  a  penalty  not  exceeding 
five  poimds. 

[Note. — This  section,  with  the  exception  of  the  sub-head  {d)  (1),  is  founded 
on  s.  91  of  the  P.  H.  (London)  Act,  1891.  mile  the  sub-heads  (a)  and  (b) 
refer  to  infective  bodies,  sub-heads  (c)  and  {d)  refer  to  any  dead  bodies. 

It  would  appear  that  the  only  duty  of  the  L.  A.  under  this  section  is  to 
bury  ;  if  the  police  for  police  purposes  think  it  necessary  to  keep  a  body  un- 
buried,  they  must  take  the  body  and  keep  it  in  their  own  custody  and  at' their 
own  expense,  the  L.  A.  burying  the  body  when  it  is  no  longer  required  for  police 
purposes.    See  also  .section  63  (3),  p.  478.] 

To  the  foregoing  sections  there  should  also  be  added,  perhaps, 
sections  70  and  71,  which  deal  with  the  Provision  of  Places  for  Post- 
Mortem  Examination  of  Bodies. 

^Idtk^Sie  f°r    •  "^^^       Empowers  a  L.  A.  to  provide  and  maintain  a  proper  build- 

p.-m.'^exam^na.'^  (otherwise  than  a  poorhouse)  for  the  reception  of  dead  bodies  during  the 
tion  of  bodies,     time  required  to  conduct  any  post-mortem  examination  ordered  by  a  la-w-ful 

authority,  and  may  make  regulations  with  respect  to  the  management  of  sucl- 

building. 

(2)  Any  such  buildijig  may  be  provided  in  connection  with  a  mortuary,  but 
this  enactment  shall  not  authorise  the  conducting  of  any  post-mortem  examina- 
tion in  a  mortuarj'. 

[Note.—This  section  corresponds  to  s.  143  of  the  English  Public  Health  Act. 
1875,  and  to  s.  90  of  the  P.  H.  (London)  Act,  1891.1 
Authorfties^to''''^  ^l-  Empowers  Local  Authorities,  with  approval  of  the  L.  G. 

combine  for  pro-  Board,  to  combine  with  respect  to  establishment  of  mortuaries  and  buildings 
vidiiiB  mortu-  for  post-mortem  examinations,  or  by  contracting  for  the  use  by  one  of  the 
ary,  e  c.  contracting  authorities  of  any  such  place  provided  by  another  of  such  contract- 

ing authorities  upon  sucli  terms  as  may  be  agreed  upon. 

[iVoie.— This  section  is  taken  from  s.  91  of  the  P.  H.  (London)  Act,  1891.] 

The  Public  Health  (Scotland)  Amendment  Act,  1907. 

This  Act  was  passed  to  amend  sections  57, 58,  and  59  of  the  Act  of  1897. 

Section  1.  (1)  Enacts  that  section  57  of  the  P.  H.  (Scotland)  Act,  1897, 
shall  be  read  as  if  the  words  "  that  proper  precautions  against  spreading 
disease  or  infection  have  been  taken,  and  that  such  child  may  attend  school 
without  the  risk  of  infecting  others  "  wore  substituted  for  tlie  words  "  that 
such  cliild  has  become  free  from  disease  and  infection,  and  that  the  hou-se  and 
everything  therein  exposed  to  infection  lias  been  disinfected  to  the  satisfaction 
of  such  Medical  Officer  or  medical  practitioner." 

(2)  Section  58  of  tlie  said  Act  shall  be  read  as  if  tho  words  "  shall  (a),  without 
proper  precautions  against  spreading  such  disease  or  infection,  milk  any  animal, 
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or  pick  fruit,  or  engage  in  any  occupation  connected  with  food,  or  shall  (b)  " 
wore  substituted  for  the  words  "  shall  milk  any  animal,  or  pick  fruit,  or  shall 
engage  in  any  occupation  connected  with  food,  or  "  ;  and  as  if  the  words  "  or 
mfection,  and  any  person  who  knowingly  "  were  substituted  for  the  words  "  and 
any  person  who  Imowing  himself  to  be  suffering  from  anv  infectious  disease." 

(3)  Section  59  of  the  said  Act  shall  be  read  as  if  the  words  "  unless  in  every 
such  case  as  aforesaid  proper  precautions  have  been  taken  against  spreading 
such  disease  or  infection ;  and  any  person  contravening  any  of  the  foregoing 
provisions  shall  be  hable  to  a  penalty  not  exceeding  ten  pounds  ;  and  if  ^vithout 
such  precautions  "  were  substituted  for  the  words  "  and  any  person  contra- 
vemng  any  of  tlie  foregoing  provisions  shall  be  Uable  to  a  penalty  not  exceeding 
ten  pounds ;  and  if."  x-  & 

Section  2.  Tins  Act  shall  apply  to  Scotland  only. 

[The  only  other  provision' in  tho  Pubhc  Health  Acts  Amendment  Act,  1907 
which  IS  not  made  m  any  other  Act,  EngUsh  or  Scottish,  is  that  made  in  section 
o9,  which  IS  as  follows  : — 

Section  59.  (1)  If  any  person  knows  that  he  is  suffering  from  an  infectious 
disease,  he  shaU  not  take  any  book  or  use  or  cause  any  book  to  be  taken  for 
ms  use  from  any  public  or  circulating  hbrary. 

(2)  A  person  shall  not  permit  any  book  wliich  has  been  taken  from  a  pubKc 
or  cu-culatmg  hbrary,  and  is  under  his  control,  to  be  used  by  any  infectious 
person. 

(3)  A  person  shall  not  retiu-n  to  any  such  library  any  book  which  he  Imows 
nas  been  exposed  to  mfection  from  any  infectious  disease,  or  permit  any  such 
book  to  be  so  returned,  but  shall  give  notice  to  the  L.  A.  that  the  book  has  been 
so  exposed,  and  the  L.  A.  shall  cause  the  book  to  be  disinfected  and  returned 
to  the  hbrary,  or  to  be  destroyed. 

(4)  The  L.  A.  shall  pay  to  the  proprietor  of  the  hbrary  from  which -the  book 
was  prociu-ed  the  value  of  any  book  destroyed  under  this  section. 

(0)  If  any  person  contravenes  the  terms  of  this  section,  he  shall  be  hable 
to  a  penalty.] 

P.  H.  (Scot.)  Act,  1897;  PAET  IV 

PnEVENTIOlSr  OF  EpiDEMIO  DISEASE 

r«m?il+"°°  Board  may  from  time  to  time  make,  alter,  and  revoke  such  General  Power 

regulations  as  to  the  said  Board  may  seem  fit,  with  a  view  to  the  treatment  of        ?■  Board 
pei^ons  affected  with  any  epidemic,  endemic,  or  infectious  disease,  and  pre-  fo^r e'^arfliiL'" 
ventmg  the  spread  of  such  diseases,  as  well  on  the  seas,  rivers,  and  waters  of  epide^'f 
Scotland,  and  on  the  high  seas  within  three  miles  of  the  coast  thereof,  as  on  diseases, 
land  ;  and  may  declare  by  what  authority  or  authorities  such  regulations  shaU 
be  enforced  and  executed. 

A. /^fi u'*^''!'''''^  "^'^^^  130  of  the  English  Public  Health 

affectd  S"]  "^""""^  "  ^""^  additional  after  the  words 

nr  if  Iff'*"!  Wh^^^er  any  part  of  Scotland  appears  to  be  threatened  with  Power  of  L.  G. 
or  IS  attected  by  any  formidable  epidemic,  endemic,  or  infectious  disease,  the  Board  to  mal<e, 

fnv^of  r/fT   •  """"^  ''"^^         ^^'i  regulations  for  all  or  ?o'r  vSf 

an>  of  the  following  purposes  ;  namely—  purposes^, 

( 1 )  For  the  speedy  interment  of  the  dead  •  formidable 

(2)  For  hoase-to-houso  visitation ;  '  epidemics. 

(3)  For  the  provision  of  medical 'aid,  dispensing  of  medicine,  and  accom- 

modatK.m   for  the  promotion  of  cleansing,  ventilation,  and  disinfec- 
turn,  and  for  guarding  against  tho  spread  of  disease  ; 

(4)  for  any  such  matttn-s  or  things  as  may  to  them  appear  advisable  for 

preventing  or  mitigating  such  disoafo  ; 
and  may  by  order  declare  all  or  any  of  the  regulations  so  made  to  be  enforced 

2h 
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L.  A.  to  see  to 
execution  of 
Regulations  of 
L.  G.  Board. 

Power  of  entry 
to  officers  of 
Local  Authority. 


L.  G.  Board  may 
combine  Local 
Authorities. 


When  Regula- 
tion in  force, 
overcrowded 
houses  to  come 
under  provisions 
for  common 
lodging-houses. 

Enforcement  of 
Regulations  by 
Government 
ofBcers,  etc. 


within  tho  whole  or  any  part  or  parts  of  the  district  of  any  L.  A.,  and  to  apply 
to  any  ships,  whether  in  ports  or  on  inland  waters  or  on  arms  or  parts  of  tlic 
sea  within  the  jurisdiction  of  the  Admiralty,  for  tho  period  in  such  ordci 
mentioned  ;  and  may  by  any  subsequent  order  abridge  or  extend  sucli  period 
[Tliis  section  is,  pari  passu,  alilce  to  section  134  of  the  English  Public  HeaKJ; 
Act,  1875,  with  the  exception  of  sub-section  4  of  this  section,  which  is  not 
included.] 

Section  80.  Enacts  that  all  regulations  and  orders  of  the  L.  G.  Board  in 
pursuance  of  this  part  of  this  Act  shall  be  published  in  The  Edinburgh  Gazette. 

[It  is  alike  to  section  135  of  the  EngUsh  Public  Health  Act,  1875,  with  tlic 
difference  that  any  such  regulations,  etc.,  shall  be  published  in  The  London 
Qazette. 

The  Epidemic  and  Other  Diseases  Prevention  Act,  1883,  practically  re-enact  - 
what  is  contained  in  ss.  134  and  135  of  the  P.  H.  Act,  1875,  and  extends  t) 
same  provisions  to  Ireland,  and  amends  s.  150  of  the  P.  H.  (Ireland)  Act,  187^ 
by  empowering  the  Irish  Local  Government  Board  to  direct  urban  Sanitar\ 
Authorities  to  carry  out  the  regulations  when  in  force  in  their  districts.] 

Section  81.  Declares  that  the  L.  A.  of  any  district  within  wliich  regulation- 
so  issued  by  the  L.  G.  Board  are  declared  to  be  in  force  shall  superintend  and 
execute  the  same. 

[This  corresponds  to  section  136  of  the  EngUsh  Act,  1875.] 

Section  82.  The  L.  A.  and  their  officers  shall  liave  power  of  entry  on  aii\ 
premises  for  the  purpose  of  executing  or  superintending  the  execution  of  anv 
regulations  so  issued  by  the  L.  G.  Board  as  aforesaid. 

[This  corresponds  to  section  137  of  the  EngUsh  Act,  1875.] 

Section  83.  The  L.  G.  Board  may,  if  they  tliink  fit,  by  order  authorise  f)r 
require  any  two  or  more  Local  Authorities  to  act  together  for  the  purposes  of 
tliis  part  of  tliis  Act. 

[Tliis  corresponds  to  section  139  of  the  English  Act,  1875.] 

Section  84.  When  any  such  regulation  so  issued  by  the  Board  is  in  force 
in  any  place,  on  the  certificate  of  a  M.  O.  H.,  or  of  two  quaUfied  medical  practi- 
tioners, or  on  report  of  a  sanitary  inspector  or  other  sufficient  evidence,  th.ii 
any  house  or  part  of  a  house  is  so  overcrowded  as  to  be  dangerous  to  healtl 
the  L.  A.  shall  have  power  to  regulate  the  same  accorduig  to  the  proxisions  . 
this  Act  in  reference  to  common  lodging-houses. 

Section  85.  Regulations  of  the  Board  made  in  pm-suance  of  this  part  of 
tliis  Act  may  provide  for  such  being  enforced  and  executed  by  officers  <.f 
Customs  and  officers  and  men  employed  in  the  Coastguard  as  well  as  by  otli. 
authorities  and  officers,  and  may  provide  for — 

(a)  the  signals  to  be  hoisted  by  vessels  having  any  case  of  epidemic, 
endemic,  or  infectious  disease  on  board  ;  and 

(6)  the  questions  to  be  answered  by  masters,  pilots,  and  others  on  boartl 
any  vessel  as  to  cases  of  such  disease  on  board  during  the  voyage  or  on  arrivul 
of  vessel ;  and 

(c)  the  detention  of  vessels  and  of  persons  on  board  vessels ;  and 

(d)  the  duties  to  be  performed  in  cases  of  such  disease  by  masters,  piloti^. 
and  other  persons  on  board  vessels. 

[This  section  is  taken  from  section  1  of  tho  PubUc  Health  Act,  1896,  whicli. 
so  far  as  it  relates  to  Scotland,  is  repealed  by  this  Act.] 

Section  86.  Enacts  that  in  making  regulations  referred  to  in  this  part  of 
this  Act  regard  shall  be  liad  to  the  expediency  of  miiform  regulations  tlirough- 
out  the  whole  of  the  United  Kingdom. 

Section  87.  Deals  with  penalties  for  neglect  to  carry  out,  refusal  to  olic\-, 
or  obstruction  in  tlie  execution  of,  any  regulation  made'mider  this  Part  of  this 
Act. 
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CLEANSING  OF  PERSONS 

The  law  on  this  subject  is  contained  in  the  following  Acts  : — 

1.  Cleansing  of  Persons  Act,  1897. 

2.  Children  Act,  1908 ;  Section  122. 

3.  Education  (Scotland)  Act,  1908 ;  Section  6. 

I.  Cleansing  of  Persons  Act,  1897.    Applicable  to  United  Kingdom. 

Section  1.  Any  Local  Authority  shall  have  the  power,  when  they  see  fit, 
to  permit  any  person  who  shall  apply  to  them  on  the  ground  that  he  is  infested 
with  vermin,  to  have  the  use,  free  of  charge,  of  the  apparatus  (if  any)  which 
they  possess  for  cleansing  his  person  and  his  clothing  from  vermin.  The  use 
of  such  apparatus  shall  not  be  considered  as  parochial  relief  or  charitable 
allowance  to  the  person  using  the  same,  or  to  the  parent  of  such  person,  and 
no  such  person  or  parent  shall  by  reason  thereof  be  deprived  of  any  right 
or  privilege  or  be  subject  to  any  disquahfication  or  disabihty.  Local  Autho- 
rities may  expend  any  reasonable  sum  on  buildings,  apphances,  and  attend- 
ants reqmred  for  carrying  out  the  terms  of  this  Act,  such  expenses  to  be 
defrayed  out  of  any  rate  or  fund  applicable  by  them  for  general  sanitary 
purposes  or  for  poor  relief. 

Section  2.  "Local  Authority"  means  in  England  the  coimcil  of  any 
county  borough,  the  district  coimcil  of  any  district,  any  board  of  guardians, 
and  in  the  coimty  of  London  any  Sanitary  Authority  as  defined  in  the  P  h' 
(London)  Act,  1891. 

Section  3.  In  Scotland  the  term  "  Local  Authority  "  means  and  includes 
Any  L.  A.  under  the  P.  H.  (Scot.)  Act,  1867,  and  any  Act  amending  the  same  • 
but  such  L.  A.  shall  not  erect  buildings  for  the  purposes  of  section  1,  except 
witli  the  sanction  of  the  L.  G.  Board  for  Scotland. 

Section  4.  Applies  pari  passu  to  Ireland. 

II.  Children  Act,  1908.    Applicable  to  United  Kingdom. 

Section  122.  (1)  A  Local  Education  Authority  mav  direct  their  medical 
officer  or  any  person  provided  with  and,  if  reqiiired,  exhibiting  the  authority 
in  %vriting  of  their  medical  officer,'  to  examine  in  any  public  elementary  school 
provided  or  maintained  by  the  Authority  the  person  and  clothing  of  any  child 
attending  the  school,  and  if,  on  examination,  the  medical  officer,  or  any  such 
authorised  person  as  aforesaid,  is  of  opinion  that  the  person  or  clothing  of  any 
.siich  child  is  infected  with  vermin  or  is  in  a  foul  or  filthy  condition,  the  Local 
Education  Authority  may  give  notice  in  writing  to  the  parent  or  guardian  of 
or  other  person  hable  to  maintain,  the  child,  requiring  him  to  cleanse  properly 
the  person  and  clothing  of  the  child  within  24  hours  after  receipt  of  the 
notice.  .  '■ 

(2)  If  such  per.^on  fails  to  comply  with  the  terms  of  the  notice  within  such 
24  hour.s,  the  medical  officer,  or  some  person  provided  with  and,  if  required 
exhibiting  the  authority  in  writing  of  the  medical  officer,  may  remove  the 
chi  d  referred  to  from  any  such  school,  and  may  cause  the  person  and  the 
c)()thing  of  the  child  to  be  properly  cleansed  in  suitable  premises  and  with 
suitable  appliances,  and  may,  if  necessary  for  that  purpose,  without  any 
warrant  other  than  this  section,  convey  to  such  premises  and  there  detain  the 
cluld  until  the  cleansing  is  effected. 

(3)  VVliere  the  Sanitary  Authority  within  the  district  of  a  Local  Education 
Autlionty  have  provided,  or  are  entitled  to  the  use  of,  any  premises  or  appliances 
for  cleansing  the  person  or  clothing  of  persons  infected  with  vermin  the  S  A 
shall,  if  so  required  by  the  Local  Education  Authority,  allow  the  Local  Educa- 
tion Authority  to  use  the  same  upon  such  payment  as  may  bo  agreed  botwo(>n 
them,  or,  failing  agreement,  .settled  by  the  L.  G.  Board. 

(4)  Should  a  parent  or  guardian  .if,  or  other  pcn.on  liable  to  maintain,  tiu- 
cluld  allow  such  child  after  such  cleansing  again  to  got  into  a  condition  so  that 
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it  is  again  necessary  to  proceed  under  this  section,  such  parent,  etc.,  shall  be 
liable  to  a  fine  not  exceeding  lOs. 

(5)  Where  a  Local  Education  Authority  give  notice  under  this  section  to 
any  parent,  etc.,  requiring  hhii  so  to  cleanse  the  person  and  clothing  of  any 
such  child,  the  Authority  shall  also  furnish  the  parent  with  written  instructions 
describing  the  manner  in  which  the  cleansing  may  be  best  effected. 

(G)  The  examination  and  cleansing  of  girls  imder  this  .section  shall  only  be 
effected  by  a  duly  qualified  medical  practitioner  or  by  a  woman  duly  authorised 
by  the  medical  officer. 

(7)  "  Medical  officer  "  here  moans  any  officer  appointed  for  the  purpose  of 
s.  13  of  the  Education  (Administrative  Provisions)  Act,  1907. 

III.  Education  (Scotland)  Act,  1908. 

Section  6.  (1)  When  as  the  result  of  medical  inspection  or  otherwise  it  is 
brought  to  the  notice  of  a  School  Board  that  a  child  attending  a  school  within 
their  district  is  in  a  filthy  or  verminous  state,  ...  it  shall  be  the  duty  of  the 
School  Board,  after  due  warning,  to  summon  either  or  both  of  the  parents  or 
the  guardian  of  such  child  to  appear  before  them  to  give  an  explanation  of  the 
child's  condition,  and,  if  such  explanation  is  not  forthcoming  or  is  insufficient 
or  unsatisfactory,  the  Board  shall  send  to  the  parent  or  parents,  etc.,  of  the 
cliild,  and  to  the  Procurator-fiscal,  a  copy  of  such  finding,  and  it  shall  be  the 
duty  of  the  Procurator-fiscal  to  institute  a  prosecution  under  the  following 
sub-section. 

(2)  Neglect  to  exercise  due  care  of  a  child  as  aforesaid  shall  be  deemed 
wilful  neglect  likelj'  to  cause  the  child  unnecessary  srrffering  witliin  the  meaning 
of  the  Prevention  of  Cruelty  to  Cliildren  Act,  1904,  or  any  Act  amending  the 
same,  and  shall  be  punishable  summarily  as  an  offence  of  crueltjf  in  terms  of 
such  Act  ;  provided  that  if  the  School  Board,  or  in  the  event  of  a  prosecution 
the  Sheriff,  be  satisfied  that  owing  to  poverty  or  ill-health  the  parents.,  etc., 
are  imable  to  give  the  child  the  necessary  personal  attention,  the  School  Board, 
if  satisfied  that  the  necessities  of  the  case  will  not  be  provided  for  by  voluntary 
agency,  shall  make  such  provision  for  the  child  out  of  the  school  fimd  as  they 
deem  necessary, such  provision  not  to  deprive  such  parent, etc., of  any  franchise, 
right,  or  privilege,  or  to  subject  him  to  any  disability;  and  the  School  Board 
shall  have  power  in  such  case  to  make  temporary  provision  for  the  child  out 
of  the  school  fimd  pending  the  completion  of  the  procedure  prescribed,  and  to 
recover  the  cost  of  the  same  from  the  parent,  etc.,  imless  in  the  case  of  poverty 
or  iU-health  of  the  parent  and  his  inability  to  give  the  child  the  necessary 
personal  attention. 
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ISOLATION  HOSPITALS 

By  section  66  of  the  Public  Health  (Scotland)  Act,  1897,  any  Local 
Authority  may,  and  if  required  by  the  Board  shall,  provide,  furnish, 
and  maintain  for  the  use  of  inhabitants  of  their  district  suffering  from 
infectious  disease,  hospitals  temporary  or  permanent.  The  English 
Act  of  1875,  sec.  131,  makes  the  duty  optional.  By  section  3,  Isolation 
Hospitals  Act,  1893— Lord  Thring's  Act— and  the  Isolation  Hospitals 
Amendment  Act,  1901,  a  County  Council  may  provide  or  cause  to  be 
provided  in  any  district  within  their  county  an  isolation  hospital  or 
hospitals  for  the  reception  of  patients 'suffering  from  infectious  diseases. 
As  alternatives  to  building  such  hospitals,  the  Public  Health  Acts  of 
both  countries  provide  that  a  Local  Authority  may  contract  for  the  use 
of  any  such  hospital  or  part  thereof,  may  enter  into  any  agreement  with 
any  person  having  the  management  of  any  such  hospital  or  part  thereof, 
on  payments  to  be  agreed  upon,  or  may,  in  place  of  providing  such 
hospitals,  employ  nurses  to  attend  infected  persons  in  their  own  homes, 
and  also  supply  medicines  and  medical  attendance  for  such  persons. 

Experience  has  abundantly  demonstrated  not  only  that  without 
such  hospitals  no  Local  Authority  can  adequately  cope  with  the  repression 
of  infective  diseases,  but  that  their  institution  has  proved  of  the  highest 
value. 

The  points  to  be  considered  in  the  establishment  of  an  isolation 
hospital,  when  its  erection  has  been  determined,  are  briefly  these— viz. 
(1)  size ;  (2)  situation  and  site  ;  (3)  incidence  of  accommodation  in 
respect  of  sex  and  diseases. 

I.  Size.— As  a  general  proposition  it  may  be  held  that  hospitals 
should  be  of  such  a  size  as  will  provide  at  least  one  bed  per  thousand 
of  population.    But  this  ratio  may  be  increased  or  diminished  in  the 
hght  of  the  capacity  of  a  population  to  afEord  means  of  efficient  home- 
isolation.    It  may  be  laid  down  as  a  general  rule  that  in  mixed  popula- 
tions chiefly  composed  of  the  working-class  the  ratio  should  be  higher 
than  the  foregoing,  and  in  well-to-do  populations  it  may  probably  be 
somewhat  lower.    Glasgow,  for  example,  for  a  population  of  800,000 
(in  round  numbers),  has  provided  950  beds.    This  ratio,  however,  is  more 
difficult  to  determine  in  rural  than  in  urban  districts,  and  in  the  former 
especially,  where  the  population  is  widely  scattered.  In  county  districts, 
the  ratio  must  be  determined  by  the  above  factors  in  the  local  problem, 
and  the  number  of  hospitals  and  the  places  where  they  are  to  be  planted 
must  be  determined  largely  by  the  distances  to  be  traversed  by  the 
patients  removed.    Hitherto,  this  has  been  met  during  panic,  and  in 
face  of  marked  outbreaks  of  disease,  by  the  erection  of  temporary 
wooden  structures,  most  of  which,  however,  are  unsuitable,  and  never 
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can  be  of  the  utility  of  more  substantial  buildings.  While  isolation 
hospitals  are  intended  for  infectious  diseases,  experience  has  demon- 


strated the  peril  of  treating  smallpox  cases  alongside  those  of  other 
infective  diseases.    Consequently  it  works  out  in  practice  that  a  special 
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hospital  for  this  disease  must  be  provided,  in  addition  to  the  ordinary 
isolation  hospital.  In  these  days  smallpox  is  a  more  likely  disease  in  a 
populous  place  than  in  a  rural  neighbourhood,  but  occasional  serious 
recrudescences  of  the  disease  point  to  the  need  for  the  provision  of 
accoinmodation  against  its  possible  outbreak  even  in  rural  communities. 
In  view,  however,  of  its  infrequency  in  such  neighbourhoods,  it  would 
be  too  much  to  demand  of  county  Local  Authorities  that  they  should 
build,  furnish,  and  equip  a  permanent  hospital  to  be  devoted  solely  to 
the  treatment  of  smallpox,  but  it  would  be  reasonable  to  ask  that  such 
Local  Authorities  should  provide  their  districts  with  portable  hospitals 
and  with  prepared  sites,  so  that  hospital  accommodation  for  this  disease 
could  be  instituted  within  twenty-four  hours.  Eecent  improvements 
m  the  construction  of  portable  hospitals  in  fitting  parts  enables  this  to 
be  rapidly  and  efficiently  done,  and  with  every  prospect  of  comfort  to 
inmates. 

II.  Situation  and  Site.— To  serve  the  needs  of  a  populous  com- 
munity and  m  order  to  minimise  the  risks  of  removal,  an  isolation 
hospital  should  be  situated  within  comparatively  easy  reach  of  the 
centre  of  population  whose  needs  it  is  to  supply,  and  yet  ought  to  be 
sufficiently  removed  to  overcome  reasonable  objections,  such  as  nearness 
to  inhabited  houses  and  possible  risks  of  infection  to  the  occupants 
thereof.    No  Local  Authority  is  entitled  to  plant  a  hospital  in  such  a 
position  as  will  prove  a  nuisance  either  in  common  law  or  in  public 
health  law,  or  will  produce  injury  to  the  rights  of  the  owners  of  ad- 
joimng  property  by  causing  a  nuisance.    Lord  Blackburn  laid  down 
the  rule  of  law  on  this  point  in  an  Enghsh  appeal  case— Metropolitan 
Asylum  District  v.  Hill  i :— "  To  put  together,"  he  said,  "  in  one  spot 
patients  suffering  fi-om  infectious  disease  is  lawful,  but  it  must  be 
made  under  such  guards  as  not  to  endanger  the  public  health  by  com- 
mumcatmg  this  infectious  disease ;  and,  as  it  seems  to  me,  so  as  not 
to  produce  injury  to  the  rights  of  owners  of  adjoining  property  by 
producing  a  nuisance  to  it."    The  outskirts  of  a  city,  therefore,  are 
indicated  generally  as  the  situations  which  ought  to  be  chosen  for 
erection  of  a  hospital,  since  there  is  the  greater  likehhood  of  securing 
a  more  open  site,  and,  consequently,  unconfined  air-space.    The  pro- 
pinquity of  an  isolation  hospital  to  dwelling-houses,  or  of  wards  for 
infective  diseases  to  non-infected  persons  in  ordinary  wards  in  a  hospital, 
has  been  proved  to  be  prejudicial  to  the  inhabitants  or  occupants' 
The  late  Sir  Eichard  Thome  Thorne  demonstrated  this  in  the  case  of 
the  Children's  Hospital  at  Pendlebury— an  excellent  modern  hospital— 
m  which  the  main  hospital  is  devoted  to  the  treatment  of  the  ordinary 
diseases  of  childhood,  and  a  separate  pavihon  to  the  treatment  of 
infective  diseases.    He  showed  that  children  in  the  ordinary  wards 
contracted  diseases  apparently  from  the  infective  pavilion.    The  truth 
of  this  fact  has  been  probably  more  clearly  demonstrated,  however 
with  respect  to  smallpox.    In  Power's  report  upon  the  incidence  of 
smallpox  in  the  vicinity  of  Fulham  Hospital,  he  pointed  out  that  the 
disease  was  evidently  transmitted  by  the  medium  of  the  atmosphere 
to  occupants  of  houses  situated  some  distance  from  the  Hospital,  that 
the  incidence  in  number  of  cases  diminished  directly  as  the  distance, 
>  6  App.  Cas.,  193  ;  44  Laiv  Times  (N.S.),  p.  G63. 
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and  that  the  convection  of  the  disease  could  not  be  attributed  to  lines 
of  traffic.  In  respect  of  the  hospital  at  Sheffield,  Barry  found  a  like 
incidence  of  disease,  but  the  element  of  the  possibility  of  personal  con- 
vection could  not  be  eliminated  from  the  problem.  Doiibt  has  been  cast 
by  different  writers  concerning  the  absolute  proof  in  these  and  other 
instances  of  the  aerial  convection  of  the  disease;  the  facts  point, 
however,  to  carefulness  in  choice  of  site.  Accepting  that  view,  the 
English  Local  Government  Board  have  advised  that  a  Local  Authority 
should  not  contemplate  the  erection  of  a  smallpox  hospital  on  any  site 
where,  within  a  quarter  of  a  mile  of  it  as  a  centre,  there  exists  any 
hospital,  work-house,  large  school,  or  other  establishment,  or  a  population 
of  150  to  200  persons,  or  on  any  site  where  within  half  a  mile  of  it  as 
a  centre  there  exists  a  population  of  500  to  600  persons,  whether  in 
institutions  or  in  dwelling-houses.  To  avoid  any  risk  of  aerial  trans- 
mission of  infection,  both  English  and  Scottish  Local  Government 
Boards  demand  that  no  building  which  is  a  constituent  part  of  an 
ordinary  isolation  hospital  shall  be  nearer  than  forty  feet  to  the  boundary- 
wall,  and  that  each  block  should  be  separated  from  the  others  by  a  like 
distance  ;  and  further,  that  said  boundary-wall  should  not  be  less  than 
6J  feet  in  height.  In  respect  to  smallpox  a  larger  separating  zone  is 
necessary — ^viz.  from  120  to  150  feet. 

The  site  chosen,  while  to  some  extent  dependent  upon  local  circum- 
stances, ought  to  combine  as  far  as  possible  the  following  conditions — 
viz.  (1)  a  porous  subsoil ;  (2)  a  gentle  sloping  ground-surface ;  and 
(3)  an  exposure  protected  from  the  east  and  north,  and  open  to  the  south 
and  west.  Such  conditions,  accompanying  abundance  of  good  water  and 
pure  air,  will  go  far  to  contribute  to  the  healthiness  of  the  hospital. 

The  area  of  the  site  ought  to  bear  a  direct  relation  to  the  proposed 
number  of  beds.  The  Local  Government  Board  of  England  in  this 
respect  suggests  eight  beds  per  acre.  Hitherto  this  has  been  seldom 
realised.  The  maximum,  however,  ought  not  to  exceed  twenty  beds 
per  acre.  If  a  few  well-known  hospitals  be  taken  at  random,  it  will 
be  found  that  the  Belvidere  Hospital  has  thirteen  beds,  and  Kuchill 
Hospital  (both  of  Glasgow),  twelve  beds ;  that  at  Heathcote,  Leam- 
ington, eleven  beds ;  Eahng,  twelve  beds ;  Sheffield,  forty-eight  beds  ; 
Dunfermhne,  foui-teen  and  a  half  beds ;  Willesden,  six  beds  ;  and 
Bristol,  (at  present)  about  four  beds  per  acre. 

III.  Incidence  of  Accommodation. — ^In  rural  hospitals,  facihties 
must  be  provided  for  the  treatment  of  at  least  three  different  diseases  at 
the  same  time  ;  in  urban  communities,  the  facilities  must  be  extended 
much  beyond  this.  In  respect  of  the  latter  indeed,  provision  must 
be  made  for  the  reception  and  separation  of  each  of  the  diseases  scheduled 
in  the  Notification  Act,  for  although  the  whole  of  these  diseases  may  not 
be  coexistent,  it  generally  happens  that  there  is  an  excess  of  cases  from 
one  or  more  of  the  infective  diseases  sufficient  to  occupy  the  spare  space. 
The  accommodation  must  be  duplicated  for  the  sexes.  The  total 
number  of  beds  to  be  provided  will  be  regulated  by  the  number  of  popu- 
lation for  the  needs  of  which  the  hospital  is  to  be  erected. 

In  terms  of  tlie  Public  Health  (Scotland)  Act,  1897,  section  66,  sub-section 
3  {vide  p.  .509),  the  Scottish  Local  Government  Board  have  issued  a  memor- 
andum as  to  site  and  plans  of  hospitals  for  infectious  diseases,  of  date  31st 
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August  1899,  wlioroin  tlie  fcjl  lowing  rules  are  laid  down  for  the  purpose  of 
facilitating  the  consideration  by  the  Board  of  applications  for  tlieir  approval 

of  the  site  and  plans  fur  the  construction  of  such  hospitals  :  

The  application  sliould  bo  accompanied  by  tlie  following  in  respect  of  

I.  Site  :  (a)  An  orchianee  survey  sheet  with  proposed  site  delineated  prefer- 
ably in  red  colour  ;  {b)  a  statement  of  dimensions  of  site— length,  breadth,  and 
area  ;  (c)  a  statement  of  number  of  beds — the  unit  space  being  2000  cubic  feet 
per  adult  patient  and  their  ward-disti'ibution  ;  (d)  a  general  description  of 
site  witli  information  as  to  (1)  soil  and  sub-soil,  (2)  exposure,  (3)  drainage 
facdities,  (4)  water-supply,  (5)  accessibility,  (6)  distance  from  furthest  points 
of  dirtrict  to  be  served,  (7)  distance  from  nearest  inhabited  houses,  (8)  distance 
from  nearest  medical  practitioner  whore  it  is  not  proposed  to  have  a  resident 
practitioner,  and  in  rural  districts,  (9)  distance  fj-om  nearest  railway -station, 
and  (10)  distance  from  chief  populous  centres  in  district  to  be  served  •  (e)  a 
statement  from  the  Medical  Officer  of  Health  of  district,  or  in  the  case  of 
proposed  combination  hospital,  from  the  Medical  Officers  jointly,  expressing 
opinion  of  the  site. 

II.  Buildings:  Plans  consisting  of  (A)  Block  plan  on  a  scale  of  ^^nd  inch 
to  1  foot,  which  shows  (1)  extent  of  site,  with  note  of  acreage,  the  boundaries 
to  be  edged  of  light  gi-eon  colour  ;  (2)  the  buildings  outUned  in  position  and 
colovu-ed  all  over,  the  ward  blocks  ui  red,  the  others  in  light  brown,  each  block 
to  be  named  and  numbered  relative  to  the  detail  plans,  with  distances  from 
each  other  and  from  boundaries  in  figures ;  (3)  pubUc  roads,  accesses,  and 
suiToundmgs,  with  the  natin-e  of  these  noted,  and  any  builcUngs  within  50 
yards  of  the  site  indicated  ;  (4)  lines  of  drainage,  giving  diameters  of  drain.s 
and  position  of  traps,  ventilators,  and  all  other  openings  distinctly  marked, 
nature  of  outfall,  method  of  treating  sewage  before  leaving  premises,  and  anj' 
works  connected  therewith.  If  a  separate  system  of  drainage  is  proposed  for 
rain-water  and  for  sewage,  the  lines  of  both  must  be  shown. 

(B)  Plans,  Sections,  and  Elevations  in  detail  of  each  block  of  building,  on  a 
scale  of  one-eighth  of  an  inch  to  the  foot,  sufficient  to  illustrate  fully  the  design 
m  parts,  general  structure,  and  in  details  :  the  Plans  are  to  be  figured  vnth  the 
linear  sizes  of  the  apartments,  the  wards  and  bedrooms  to  show  the  position 
of  each  bed,  and  the  total  cubic  contents  and  floor-area  of  each  apartment  to 
be  given  in  %ures  :  the  Sections  are  to  give  the  height  inside  to  the  top  of  the 
wall,  and,  when  roof  is  an  open  roof,  the  height  also  to  the  ridge  of  the  roof ; 
and  the  Elevations  are  to  show  any  levelling  of  groimd  required. 

(C)  A  sufficient  boundary-wall  or  continuous  fence  to  be  included. 

(D)  Heating  and  ventilating  arrangements  to  be  shown  in  such  detail  as 
may  be  necessary  to  explain  system  or  systems  proposed. 

These  plans  should  be  accompanied  by  {E)  a  general  description,  explaming 
heating  and  ventilation  arrangements  in  detail,  also  the  number  of  patients, 
and  the  nmnber  and  description  of  the  resident  officials,  for  whom  provision 
has  been  made,  and  by  {F)  a  statement  by  the  Medical  Officer,  or  Officers  where 
a  combination  hospital  is  proposed,  of  Health  of  the  district,  in  which  an 
opimon  is  expressed  regardmg  the  plans  and  any  points  stated  to  which  objec- 
tion is  taken. 


An  isolation  hospital  of  any  pretensions  ought  to  include  the  follow- 
ing different  buildings  suitable  for  their  different  uses— viz. 

1.  An  administrative  block  for  hospital  staff,  dispensary,  stores,  etc. ; 

2.  Wards  for  the  treatment  of  different  diseases  during  acute  illness 

and  during  convalescence,  for  the  separation  of  the  sexes,  and 
for  probation  of  doubtful  and  separation  of  non-infective  cases  ; 

3.  Accessory  buildings,  which  should  include  laundry,  wash-house, 

disinfecting  apparatus,  stables,  heating  apparatus,  mortuary, 
offices,  and  inquiry-room.    {Vide  Figs.  120-12L) 
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122.— End  Elevation  Plan  of  a  Ward,  Eucliill  Hospital, 
Glasgow. 


1.  The  Administrative  Department. — Little  need  be  said  on  this  point, 
except  that  this  department  should  provide  commodious  space  for 
resident  physicians,  nurses,  and  others  on  the  resident  staff,  and  that  it 
should  occupy  a  central  or  convenient  position  relative  to  the  different 

working  parts  of  the 
hospital.  It  will 
depend  upon  the  a- 
mount  of  work  to  be 
done  and  upon  the 
importance  of  the 
hospital,  whether 
or  not  operating 
theatres  should  also 
be  provided,  and,  in 
addition,  a  bacterio- 
logical laboratory 
for  research,  veri- 
fication of  diagnosis, 
and  the  study  of  the 
effects  of  serum 
treatment.  In  view 
of  the  importance 
of  the  bacterio- 
logical diagnosis  of 
doubtful  throat 

cases,  of  infective  pneumonia,  and  of  blood-reactions  in  enteric  fever 
and  other  diseases,  every  well-equipped  isolation  hospital  should  possess 
such  a  laboratory. 

2.  Wards. — Isolation  hospitals  are  now  most  commonly  built  of  the 
pavilion  type  and  of  one 
storey  in  height.  This  system 
of  planning  was  first  advo- 
cated by  Toilet,  a  French 
architect,  about  the  middle  of 
last  century.  When  viewed 
from  every  point,  such  a  t}^e 
of  hospital  is  probably  the 
best.  The  chief  objection  to 
it  consists  in  the  large  area  of 
land  required  for  its  setting, 
a  desideratum  which  is  some- 
times most  difficult  to  obtain 
at  any  cost,  and,  always,  even 
if  obtainable,  at  enhanced  cost, 
in  the  neighbourhood  of  popu- 
lous places.  From  time  to 
time  the  question  has  been 
raised,  whether  or  not  it  is  quite  possible  to  construct  an  efficient 
isolation  hospital  on  other  than  the  pavilion  type.  Obviously,  if  an 
affirmative  answer  were  forthcoming,  much  trouble  and  expense 
would  be  saved  to  urban  Local  Authorities.    The  answer  to  tliis 


Fio.  123.— Cross  Section  of  Ward  in  Ruchill  Hospital. 
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question  depends  upon  a  variety  of  factors,  chief  of  whicli  are 
probabl)'-  the  following— viz.  likelihood  of  convection  of  contagium 
froni  one  ward  to  a,nother,  conditions  of  light  and  ventilation, 
service,  and  administration.  It  is  necessary,  therefore,  to  discuss 
the  merits  and  demerits 
of  types  of  hospital- 
construction. 

The  advantages  of 
the  pavilion  type  are  : 
(1)  that  each  unit  is 
separated  from  the  rest, 
and  even  where  there  is 
an  existing  corridor,  op- 
posite windows  therein 
permit  of  cross  ventila- 
tion ;  (2)  that  each  ward 
or  unit  is  lighted  from 
both  sides,  and  therefore 
may  also  be  ventilated 
by    cross  ventilation-; 
(3)  where  the  wards  have 
been  properly  planned, 
the  maximum  amount 
of  sunshine  may  be  ob- 
tained ;  (4)  patients  can 
be  more  easily  classified 
and  sorted  out ;  and 
(5)  the  administration 
is  easy,  as  there  are  no 
stairs  to  climb  and  no 
long  corridors,  although 
against  that  must  be 
put  the  distance  to  be 
covered  by   the  stafi 
from  the  administrative 
block.  Thus  are  secured 
good  ventilation,  maxi- 
mum  sunlight,  classi- 
fication of  patients,  and 
the  minimum  of  trouble 
in  administration.  The 
main  and  perhaps  the 
only   objection  which 
may  be  urged  against 
their  use  is  their  great 
initial  cost  with  relation 

to  the  number  of  patients  treated.  AVhile  eight  beds  per  acre  is  the  ideal 
ot  the  Ji^nghsh  Local  Government  Board,  no  harm  can  ensue  if  the 
number  of  beds  is  at  least  double  or  more  than  double  that  figure, 
provided  that  efficient  ventilation  and  other  factors  prevail.  It  has 
with  much  reason  been  urged  that  the  paviUon  ty^e  may  be  adopted, 
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but  that  the  building  should  be  of  more  than  one  storey.  To  this  it  has 
been  objected  that  administration  is  difficult ;  but  modern  lifts  are  after 
all  movable  stairways,  and  these  economise  time  and  labour.  Another 
objection  is  risk  of  fire.  This,  doubtless,  is  a  question  deserving  of  every 
consideration,  but  it  is  a  contingency,  viewed  in  the  light  of  past  ex- 
perience, which  should  not  be  allowed  to  bulk  too  largely.  In  such  a 
type  of  building  ground-space  would  be  economised,  and  by  architectural 
ingenuity  efficient  isolation  may  be  secured.  While  the  unit  ward  of  a 
one-storeyed  pavilion  is  thus  rectangular  in  shape,  and  possesses  windows 
on  each  side,  a  two-storeyed  or  three-storeyed  building  on  this  principle 
would  but  duplicate  or  triplicate  the  essential  conditions  named,  and 
would  adequately  meet  the  case,  provided  that  each  pavilion  block 
were  sufficiently  far  separated  from  its  neighbours  that  neither  free 
movement  of  air  nor  admission  of  sunlight  would  be  obstructed.  At  the 
same  time  such  blocks  might  be  united  at  right  angles  to  their  length  by  a 
connecting  corridor,  covered  above  but  open  on  the  sides,  like  the 
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Fio.  125.— Cross-Sectiou  Plan  of  Ward  in  Belvidere  Fever  Hospital, 

Glasgow. 


connecting  bar  of  the  letter  H.  A  hospital  constructed  of  circular 
wards,  however,  would  so  far  meet  the  conditions  of  the  pavilion  type. 

The  second  type  of  hospital  may  be  called  the  Bloch  type,  where  the 
buildings  are  separated  in  blocks,  and  thus  each  block  becomes  prac- 
tically a  separate  hospital  having  a  separate  entrance  with  a  central 
staircase,  from  the  landings  of  which  would  pass  the  wards  which  are 
rectangular  in  shape,  and  which  would  or  would  not  possess  windows 
on  each  side.  This  is  a  favourite  Continental  method  of  constructing 
hospitals  ;  but  to  be  efficient  the  system  requires  considerable  land,  and 
administration  is  difficult. 

Another  type  is  the  Corridor  Hospital,  in  which  there  is  a  central 
corridor  from  which  pass  the  wards  which  lie  parallel  to  the  line  of 
corridor.  The  objection  to  this  type  is  that  there  is  no  cross-ventilation, 
because  the  windows  arc  only  on  one  side  of  the  room,  although  the  beds 
are  upon  both.  In  such  cases,  one  set  of  patients  look  out  upon  the 
sky,  and  the  other  upon  the  wall  separating  the  ward  from  the  corridor. 
In  such  a  ward,  effective  isolation  is  impracticable  although  administra- 
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tion  is  easy,  but  ventilation  by  natural  means  can  hardly  be  efficient ; 
besides,  the  entrance  of  sunshine  is  necessarily  much  more  limited. 
So  long,  however,  as  the  need,  for  an  abundant  and  pure  supply  of  air 
and  of  as  much  sunshine  as  is  possible  are  important  factors  in  the  treat- 
ment of  all  diseases,  and  more  especially  of  infective  diseases,  so  lone 
will  architectural  methods  require  to  conform  to  the  type  of  building  in 
which  these  are  best  and  most  easily  secured,  and  that  type  is  to  our 
mind  the  pavilion  type,  although  not  necessarily  a  one-storeyed  building. 
Exigencies  of  space,  economy,  and  other  considerations  may  sometimes 
compel  the  erection  of  two-storeyed  pavilions,  but  where  cost  of  land  is 
an  unimportant  item,  the  ideal  isolation-ward  is  a  one-storeyed  building 
of  the  pavilion  type.  One  paviHon  ought  to  be  distant  not  less  than 
from  40  to  60  feet  from  those  adjacent,  the  precise  distance  depending 
upon  the  height  of  the  pavilion.  In  the  opinion  of  some,  each  paviUon 
should  be  connected  with  the  rest  by  connecting  corridors,  which  should 
consist  merely  of  covered  ways  entirely  open  at  the  sides.  In  our  view 
such  are  neither  necessary  nor  advisable. 

Should  the  smallpox  department  be  included  within  the  general 
hospital-area,  it  ought  to  be  separated  by  a  high  boundary-wall,  in 
addition  to  the  sanitary  zone  of  150  feet  already  mentioned.  Com- 
patible with  reasonable  economy,  too,  the  smallpox  pavilions  ought  to 
be  separated  further  from  each  other  than  in  the  case  of  pavilions 
for  the  other  infective  diseases. 

Another  type  of  hospital,  however,  has  been  devised  by  Henman, 
which  has  in  fact  been  constructed  in  the  Belfast  Eoyal  Victoria  Hospital. 
The  principles  of  its  construction  were  intended  to  overcome  the  ad- 
ministrative difficulties  of  the  single-storey  pavihon  t}^e  which,  covering 
of  necessity  a  large  area  of  ground,  causes  the  staff  to  traverse  consider- 
able distances  from  the  administrative  block.  This,  it  was  beUeved, 
could  be  overcome  by  spreading  out  one-storey  wards  side  by  side, 
and  by  lighting  them  with  lantern  lights.  By  this  arrangement  the 
area  of  work  to  be  supervised  would  be  concentrated,  corridor  communi- 
cation would  be  minimised,  there  would  be  no  stairways  or  lifts  as  in  the 
block  or  corridor  systems,  and  abundant  ventilation  could  be  seciu-ed  by 
mechanical  methods.  In  the  Belfast  Hospital  these  views  have  been 
reduced  to  practice,  and  the  novelty  of  the  plan  is  that  wards  and  ac- 
cessory rooms  are  placed  side  by  side  with  no  space  between.  All  these 
rooms  are  on  one  floor-level  practically  under  one  roof,  and  are  entered  by 
short  corridors  which  open  from  a  main  corridor  running  at  right  angles 
to  the  lengths  of  the  wards.  Being  a  general  hospital,  there  are  medical, 
surgical,  and  other  wards,  and  being  in  conjunction  with  a  medical 
school,  there  is  a  large  "  extern  "  department,  a  pathological  depart- 
ment, and  a  lecture-theatre  all  on  the  same  level.  The  administrative 
block,  which  consists  of  four  storeys,  is  on  the  north  side  of  the  main 
corridor.  The  axis  of  the  wards  is  almost  north  and  south.  At  the 
south  end  of  each  ward  is  a  large  window  opening  out  upon  a  covered 
balcony,  and  from  the  window  the  view  is  extensive.  Along  the  roofs 
of  the  wards  are  placed  lantern  lights  so  that  sunlight  may  freely  enter. 
The  whole  building  is  ventilated  by  the  "  plenum  "  svstem,  the  air  being 
conveyed  by  ducts  which  are  accessible  for  cleaning.  The  air-supply 
IS  ten  million  cubic  feet  hourly,  which  is  equal  to  a  total  change  of  air 
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ten  times  hourly  night  and  day,  throughout  the  entire  wards.  In  the 
opinion  of  the  architect  there  need  be  no  risk  of  the  spread  of  infection 
in  a  hospital  so  planned,  since  each  ward  is  separately  supplied  with 
fresh  au',  and  the  foul  air  from  each  ward  is  independently  discharged. 
In  the  discussion  which  followed  the  reading  of  the  paper  "in  which  the 
•plan  of  this  hospital  was  fully  described,  the  question  of  efficiency  of 
lighting  was  raised,  and  a  representative  fi-om  Belfast  stated  that  the 
bmlding  was  not  only  well  lighted,  but  from  the  position  of  the  hospital 
had  also  a  cheerful  outlook.^ 

Ward- Space— The  cubic  and  superficial  spaces  to  be  allotted  per 
bed  ought  to  be  considerably  greater  than  those  in  a  general  hospital, 
on  the  principle  that  free  dilution  with  fresh  air  diminishes  the  virulency 
of  infective  matter.  The  minimum  cubic  space  should  not  be  less  than 
2000  feet ;  a  still  more  desirable  amount  is  2500  feet.  The  minimum 
floor-space  should  at  least  be  144  square  feet,  and,  if  possible,  180  square 
feet.  These  minimum  conditions  are  secured  in  a  ward  of  the  following 
dimensions— viz.  24  feet  wide,  14  feet  high,  with  12  feet  of  wall-space 
per  bed  ;  the  larger  requirements  in  one  which  measures  26  feet  in  width, 
14  feet  m  height,  with  14  feet  of  wall-space  per  bed.  In  some  modern 
hospitals,  as  Bristol,  the  cubic  space  per  patient  is  2800  feet,  and  the 
superficial  space  180  square  feet. 

Lighting.—PhntiM  light  is  a  prime  essential  of  every  hospital, 
but  more  especially  of  isolation  hospitals,  by  reason  that  light,  and 
more  particularly  sunlight,  is  one  of  the  best  natural  germicides.  Window- 
space  should,  therefore,  have  a  distinct  relation  to  total  cubic  space  of 
a  ward,  and  the  proportion  between  the  former  and  the  latter  should  not 
be  more  than  one  square  foot  of  window  space  to  forty  cubic  feet  of  the 
latter,  and  should  not  be  less  than  one  to  seventy.  Unless  special 
measures  be  taken  for  the  conservation  of  heat,  the  ratio  of  one  to 
forty-five  makes  the  heating  of  a  ward  difficult.  This,  however,  may 
be  overcome  by  having  double  window-casements,  or  double  glazed 
plate-glass  windows.  In  temporary  wooden  hospitals,  even  with  a  ratio 
of  one  to  seventy  it  is  practically  impossible  to  sustain  sufficient  tem- 
peratures, unless  the  walls  are  double  and  the  interspace  is  filled  with 
such  a  non-conductor  as  sawdust. 

i^eafowj/.— Hospitals  are  usually  heated  :  (1)  by  hot-water  pipes  at 
oi;dinary  pressui-e  ;  (2)  by  open  fires  ;  or  (3)  by  a  combination  of  both. 
\V  here  a  hot-water  system  is  to  be  installed,  the  engineer  must  carefully 
calculate  the  extent  of  piping  necessary,  according  to  the  general  rules 
which  have  been  already  explained. 

Ventilation.— In  many  hospitals,  heating  and  ventilation  are  com- 
bined, whereas  in  others  provision  is  only  made  for  the  entrance  of 
Iresh  air  at  the  outside  temperature,  or  by  passing  the  incoming  air  over 
a  heated  surface  of  pipes.  There  can  be  no  doubt  that  the  best  means 
to  obtain  efficient  ventilation  is  to  purify,  warm,  and  impel  fresh  air 
into  the  wards  of  a  hospital,  since  by  previous  warming  the  air  can  be 
introduced  at  a  greater  velocity  with  comfort  and  safety.  This  is 
particularly  of  nioment  in  convalescent  wards.  Another  mode  is  to  warm 
the  incoming  cold  air  by  passing  it  over  hot- water  pipes,  and  to  exhaust 
the  loul  air  by  the  ward  chimneys,  or  by  special  exhaust-fiues  built 
^  Jour.  San.  Inst.,  vol.  xx.,  Part  iv.,  p.  59i). 
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around  or  alongside  the  smoke-flues,  and  by  roof-ridge  fixed  ventilators. 
A  third  mode  is  to  permit  the  air  to  enter  by  Sheringham  valves  or  Tobin's 
tubes,  aided  if  necessary  by  cross-window  ventilation  when  required, 
and  to  leave  the  heating  to  the  hot-water  piping  and  the  ward  fires. 
The  recent  tendency  in  the  building  of  new  hospitals  to  combine  a  scheme 
of  heating  and  ventilation  is  unquestionably  in  the  right  direction,  and 


Fia.  120.— City  of  Glasgow  Hospitals,  Belvidere.  Block  Plau.  This  plan  shows 
the  disposition  of  different  parts  of  the  Hospital.  If  a  line  be  drawn  through 
the  centre  of  the  figure  from  top  to  bottom,  and  a  second,  at  right  angles, 
through  the  centre,  the  buildings  devoted  to  the  Fever  Ilospital  will  be  seen 
to  occupy  the  two  (juadrants  to  the  right,  and  the  lower  quadrant  to  the  left. 
The  ymallpox  Hospital  occupies  the  upper  left  quadrant,  and  is  separated  from 
the  other  buildii\gs  by  a  surrounding,  high,  brick  wall. 

probably  the  Key  system  is  the  best  at  present,  the  principles  of  which 
have  been  already  explained.  The  advantages  which  this  system 
possesses  are,  that  purified  warmed  air  may  be  impelled  at  uniform 
velocity  into  the  wards  in  cold  Weather,  and  purified  cooled  air  in  warm 
weather,  and  also  that  the  sujjply  of  such  air  is  constant. 

One  of  the  principal  objects  in  securing  that  an  isolation  hospital 
should  be  surrounded  by  a  free  open  space  is  that  the  micro-organisms 
which  pass  into  the  air  from  infective  wards  may  be  destroyed  by  the 
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caction  of  freely  diluted  air.  It  has,  however,  been  deemed  advisable 
in  certain  places  as  Nottingham,  Bradford,  Blackburn,  and  others,  to 
subject  the  outgoing  air  from  such  hospitals  to  the  influence  of  the  heat 
of  a  fiu-nace.  In  the  Western  Fever  Hospital,  London,  such  an  apparatus 
has  been  installed  to  extract  and  purify  the  air  of  two  wards.  These, 


however,  are  mainly  intended  to  act  as  the  motive  power  in  a  vacuum 
system  of  ventilation,  although  at  the  same  time  they  purify  the  out- 
gomg  air.  In  Barry's  Report  on  this  subject  to  the  Local  Government 
Board  of  England  much  interesting  information  will  be  found.  More 
recently,  however,  Henman  has  conceived  the  idea  of  filtering  the  exit 
air  from  hospitals  by  the  moist  screen  used  for  the  inlet  air  in  Key's 
system,  but  applied  tq  the  outlets  and  on  a  smaller  scale.  He  proposes 
2i 
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that  in  the  outlet  at  the  head  of  each  bed  in  the  ward  a  small  screen 
shoidd  be  placed,  which  might,  if  thought  advisable,  be  moistened  auto- 
matically with  a  disinfecting  fluid.-'-  Whether,  however,  this  proposal 
will  go  further  than  the  experimental  stage,  in  which  it  now  is,  remains 
to  be  seen.  But  after  this  comes  the  question.  Is  it  necessary  ?  For 
there  is  little  evidence,  except  in  smallpox,  to  show  that  isolation 
hospitals  constructed  in  conformity  to  legal  requirements  are  a  source 
of  infection  to  the  surrounding  population. 

Typical  Isolation  Hospitals. — The  following  may  be  taken  as  typical 
isolation  hospitals  on  the  large  and  small  scale  for  an  urban  and  a 
rural  community  respectively.  They  have  been  selected  because  they 
are  excellent  types,  and  because  they  have  been  constructed  to  meet 
the  most  modern  requirements.    These  are  Belvidere  and  Ruchill 


Fig.  128.— End  Elevation  of  Ward,  Ruchill  Hospital. 

Hospitals,  Glasgow,  the  New  Fever  Hospital,  Edinburgh,  the  Dun- 
fermline Combination  Hospital,  and  the  Lanarkshire  JMiddle  Ward, 
Motherwell. 

Ruchill  Hospital  is  situated  in  the  northern  outskirts~of  the  city, 
of  easy  access  by  road  and  rail,  and,  planted  upon  a  rising  ground,  it 
provides  accommodation  for  over  400  beds.  It  is  composed  of  the 
following  blocks,  viz.  :  (1)  administrative ;  (2)  isolation  wards ;  (3) 
inquiry ;  (4)  wash-houses  and  disinfecting ;  (5)  kitchen  and  stores ; 
(6)  day  workers'  block ;  (7)  clearing-house  and  fire-engine  station ; 
(8)  morgue ;  (9)  boiler-house  and  workshops ;  (10)  stables ;  (11) 
cottages  for  principal  non-professional  officials.    (Fig.  121.) 

The  isolation  pavilions  number  sixteen  in  all,  twelve  large,  and 
four  small.  At  the  sunny  end  of  each,  a  balcony  or  verandah  for  con- 
valescents is  a  prominent  feature.  Each  large  pavilion  embraces  two 
acute  and  two  convalescent  wards,  the  former  for  ten  beds  each,  the 
^  Jour.  San.  Inst.,  vol.  xv..  Part  iv.,  p.  C41. 
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latter  for  five  beds  eacli.  The  dimensions  of  a  ward  for  acute  cases  are 
as  follows  :  length,  66  feet ;  breadth,  22  feet ;  height,  15|-  feet ;  total 
superficies  of  floor,  1452  square  feet ;  total  cubic  space,  23,100  cubic 

feet;  window-space,  391 


square    feet ;    ratio  of 
window-space   to  total 
cubic  space,  about  1  to 
60.    The  dimensions  of 
a  ward  for  convalescent 
cases   are   exactly  the 
same   as   for    a  small 
pavilion  convalescent 
ward,  as  enumerated  be- 
low. Each  small  pavilion 
contains  two  acute  wards, 
and    two  convalescent 
wards.    The  dimensions 
of  each  ward  in  a  small 
pavilion  are  these:  length, 
33  feet ;  breadth,  22  feet ; 
height,  15|  f^et ;  total 
superficies  of  floor,  726 
square  feet;  total  cubic 
space,  11,550  cubic  feet; 
window-space   ratio  (in 
rr^^^i     r;^!^,  .  acute  ward),  1  to  62,  and 

El7d     J:^lcva1lon(sbewtn5VerandaT,)  (i^   convalescent  ^ard) 

Fio.l29.-Ward  of  Ruchill  Hospital.  1     to     45.       The  total 

,          1  number  of  beds  in  the 

hospital  amounts  to  408.    From  the  foregoing  figures  it  will  be 

^^Too-5>n*  ^^^1^  patient   receives  144   square  feet   of  floor-space 
and  2300  cubic  feet  of  air-space. 

T^uebill  HoSpiral. 
Small  Pavilion's. 


Fro.  130. 


Ihe  ground-floor  plan  (Fig.  130)  of  a  small  paviUon  shows  the 
ioUowing  accommodation— viz.  four  wards  with  five  beds  each,  two 
nurses  rooms,  two  pantries,  two  bath-rooma,  two  lavatories  and  water- 
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closets  for  patients,  like  accommodation  for  those  on  duty,  two  steep- 
rooms  for  soiled  linen,  etc.    The  wards  are  disconnected  from  the 
annexes,  which  contain  the  sanitary  fittings,  by  a  hall  having  opposite 
doorways  into  the  outer  air, 
and  the  nurses'  rooms  and 
pantries  are  situated  between 
each  pair  of  wards. 

A  like  plan  of  a  large 
pavilion  shows  a  similar  dis- 
position of  arrangements,  but 
on  a  correspondingly  larger 
scale. 

All  angles  in  the  inner 
walls  of  ward  are  rounded  off 
in  Parian  cement,  so  as  to 
prevent  lodgment  of  microbic 
dust,  and  for  easier  cleansing. 

The  heating  of  the  wards 
is  efiected  by  hot- water  pipes 
at  ordinary  pressure,  aided 
by  open  central  ward  fires. 
Ventilation  is  accomplished 
by  fixed  roof-ridge  cowls, 
hopper-sashed  windows,  and 
by  concentric  outlet  air-shafts 
placed  round  ward  flues,  the 
entrance  of  fresh  air  being 
effected  by  the  windows  which 
are  provided  as  above,  but 
which,  also,  are  constructed 
with  movable  sashes. 

This  hospital  is  entirely 
devoted  to  the  treatment  of 
infective  diseases  other  than 
smallpox,  for  the  treatment 
of  Avhich  ample  provision 
exists  in  another  hospital. 

New  Fever  Hospital,  Edin- 
burgh.—  This  new  hospital, 

which  has  been  planned  to  include  the  most  modern  requirements  of  an 
isolation  hospital,  is  located  upon  the  estate  of  Colinton,  on  the  southern 
outskirts  of  the  city,  occupies  about  40  acres  of  land,  and  provides  for 
the  accommodation  of  600  patients.  The  population  of  Edinburgh 
being  about  300,000,  the  ratio  of  beds  per  1000  of  population  is  therefore 
2  per  1000.  The  number  of  patients  per  acre  is  fifteen.  The  site  of  the 
hospital,  which  has  a  gentle  southern  slope,  is  about  400  feet  above,  sea- 
level,  and  is  freely  open  all  around,  especially  on  the  south,  east,  and 
west.  It  is  intended  to  place  permanently  the  smallpox  hospital  upon 
this  area  of  land,  but  at  a  satisfactory  distance  from  the  general  isola- 
tion wards.  The  land  is  plotted  out  in  buildings  as  follows  :  The  main 
entrance  is  from  the  north,  the  buildings  looking  north  and  south. 
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Facing  the  entrance  but  further  within  it,  and  occupying  a  nearly  central 
position  in  the  grounds,  are  the  following  blocks,  viz.  :  (1)  general 
offices  ;  (2)  buildings  for  stores,  kitchen,  and  dining-room  ;  (3)  nurses' 
and  servants'  homes.  To  right  and  left  of  these  the  ward  pavilions  are 
arranged,  those  on  the  left  being  entirely  devoted  to  scarlet  fever,  while 
those  on  the  right  are  set  apart  for  diphtheria,  enteric  fever,  erysipelas, 
rneasles,  chicken-pox,  whooping-cough,  and  typhus  fever.  The  recep- 
tion and  observation  wards  are  situated  on  either  side  of  the  main  en- 
trance, between  it  and  the  ward  blocks,  and  the  isolation  wards  for 
compHcated  cases,  toward  the  further  extremities  of  the  respective 
ward-groups.  At  the  north-east  corner  of  the  ground  are  :  (a)  am- 
bulance-station ;  (6)  lecture-rooms;  (c)  pathological  laboratory;  (d) 
museum  and  mortuary ;  and  at  the  south-east  corner  (a)  laundry  and 
wash-houses  ;  (b)  disinfector,  boilers,  and  incinerator.  In  the  south- 
east corner,  standing  by  itself,  is  the  ward  for  t}';phus  fever. 

Provision  has  been  made  for  the  treatment  of  the  diseases  named 
above,  and  the  incidence  of  bed-accommodation  for  these  different 
diseases  is  shown  in  the  following  Table  : — 

Table  XLVII 


Ward  Accommodation  and  Beds 


Disea.ses 

Pavilions 

Beds 

Totals  for 
each 
Disease 

Blocks 

In  each 
Pavilion 

In  each  Class 
of  Pavilion 

Scarlet  Fever — 

Observation  . 

1 

4 

4 

Ordinary 

6 

46 

276 

Convalescent 

1 

24 

24 

Isolation 

4 

4 

16 

Enteric  Fever — 

320 

Observation  . 

1 

4 

4 

4 

Ordinary 

2 

38 

76 

Isolation 

1 

4 

4 

Typhu3  Fever  . 

1 

10 

10 

80 
10 

Diphtheria 

1 

30 

30 

30 

Measle-i — 

Ordinary 

2 

38 

76 

Isolation 

1 

4 

4 

Chicken-pox 

1 

19 

19 

80 
19 

Whooping-cough 

1 

19 

19 

19 

Erysipolaj 

1 

30 

30 
8 

30 

Probationary 

2 

4 

8 

Total  Number  of  Beds  . 

.  600 

Between  the  ward  pavilions,  which  are  two-storeyed,  and  whose  axis 
lies  north  and  south,  there  is  ample  space  for  recreation,  which,  how- 
ever, IS  further  provided  for  in  other  parts  of  the  grounds. 
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Besides  tlic  general  wards,  each  pavilion  has  on  each  floor  a  two- 
bed  and  a  single-bed  ward  for  special  or  private  cases. 

The  walls  of  the  wards  are  composed  of  Keene's  or  Parian  cement, 
with  rovmded  hollows  at  re-entrant  angles. 

Heating  of  wards  is  eilected  by  ventilating  steam-coils  and  by 
ventilating  stoves,  and  in  the  smaller  wards  by  ventilating  grates. 
Cross  ventilation  by  opposite  windows  is  the  chief  means  of  ventilation 
of  wards.  By  means  of  covered  ways,  the  staff  may  pass  protected 
from  the  weather  from  the  administrative  department  to  the  pavilion 
blocks.  These  ways,  although  roofed,  are  largely  open  on  the  sides. 
This  covered  way  does  not  extend,  however,  to  the  typhus-fever  ward, 
which  is  of  one  floor  only,  the  walls  of  the  ward  being  raised  on  built 
piers,  so  that  air  may  freely  circulate  below  the  building.  {Vide  Fig. 
132). 

Table  XLVIII 
Spaces  Allowed  per  Bed 


Disease 

Cubic  Space 
per  Bed 

Superficial 
Space  per  Bed 

Scarlet  Fever  ...... 

Whooping-cough  \ 

Chicken-pox         j       .        .        .        .  . 

Diphtheria  ....... 

Enteric  Fever  ...... 

Measles  ....... 

Typhus  Fever       .  .. 

Erysipelas  ....... 

2000 

1690 

2545 
2514 
1690 
3042 
2028 

156 

130 

195 
194 
130 
254 
156 

From  the  foregoing  Table  it  will  be  seen  that  both  cubic  and  floor 
space  have  been  regulated  and  fixed  by  the  ages  of  the  hkely  occupants, 
and  by  the  character  of  the  infectivity  of  each  disease. 

The  Dunfermline  Combination  Isolation  Hospital  is  a  very  excellent 
type  of  rural  hospital.  It  occupies  a  site  the  area  of  which  is 
2|  acres  with  a  southern  exposure,  and  with  a  good  fall  for  drainage. 

The  hospital  consists  of  a  central  administrative  building  which  is 
flanked  by  two  semi-detached  "  quarantine  "  wards  for  the  reception  of 
doubtful  cases.  Behind  this  block,  and  on  each  side — west  and  east 
— ^is  an  isolation  pavilion,  which  is  from  40  to  60  feet  distant  from  the 
administrative  block.  These  pavilions  are  connected  \vith  the  admini- 
strative block  by  means  of  open  covered  ways.  The  offices  are  placed 
in  the  extreme  west  angle  of  the  site,  between  which  and  the^western 
pavilion  sufficient  space  has  been  left  whereupon  to  build^ another 
pavilion,  if  and  when  such  extension  is  required.  In  the  lower  right 
angle  of  the  site  it  is  proposed  to  erect  accommodation  for  the  principal 
officials. 

A  sanitary  zone  of  40  feet  separates  at  all  points  the  buildings  from 
the  public  road. 

The  fever  pavilions  are  situated  north  and  south.  They  are  simple 
in  design,  being  founded  largely  upon  the  plan  of  the  Warrington 
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Fever  Hospital,  and  are  so  arranged  that  each  window  of  the  ward 
may  receive  the  rays  of  the  sun  during  several  hours  of  the  day. 

The  administrative  building,  placed  on  the  southern  side  of  the 
site,  contains  kitchen,  store-rooms,  rooms  for  physician  and  matron 
on  the  ground-floor,  and  three  large  bedrooms,  with  bath-room  and 
napery  stores  upstairs,  while  in  the  basement  the  air-warming  chamber, 
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air-propelling  fan,  and  steam-engine  for  driving  the  fan  are  located. 
The  probationary  or  "quarantine"  wards,  although  they  flank  the 
former  building,  are  wholly  isolated  from  it  and  from  each  other.  They 
may  be  overlooked,  however,  from  air-tight  windows  from  the  ad- 
mmistrative  building.  They  are  entered  by  separate  doorways  outside 
of  the  admmistrative  block.  Each  ward— one  for  each  sex— measures 
24  feet  long,  12  feet  broad,  and  14-|  feet  high,  and  thus  contains  4176 
cubic  feet  of  air-space.    Each  is  intended  for  two  beds,  so  that  each 
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occupant  has  allotted  to  liim  over  2000  cubic  feet  of  air-space,  12  feet 
of  wall-space,  and  l-i-i  square  feet  of  floor-space. 

Each  isolation  block  contains  one  ward  for  males,  and  one  for  females. 
Each  ward,  on  either  side  of  the  administrative  block,  has  six  beds, 
while  those  in  the  block  behind,  being  smaller  than  the  others,  have 
only  four  beds.  The  latter  are  intended  for  convalescent  patients  when 
circumstances  are  suitable.  In  each  of  these  wards,  the  measurements 
provide  the  following  spaces  per  bed — viz.  2000  cubic  feet  of  air-space, 
144  square  feet  of  floor-space,  and  12  feet  of  wall-space.  The  present 
total  number  of  beds  is  36 ;  the  number  of  beds  per  acre  is  therefore 
about  fourteen. 

All  the  outer  walls  of  the  hospital  wards  are  of  hollow  formation, 
the  inner  layer  being  of  brick  finished  in  adamant  plaster,  the  outer 
of  stone,  with  an  intervening  air-space  of  three  inches.  All  the  corners  in 
the  walls,  floor,  and  ceiling  are  rounded,  so  as  to  prevent  lodgment  of  dust. 
Woodwork  has  been  as  sparingly  used  as  possible  because  of  its  absorptive 
properties,  and  had  objections  not  been  offered  by  the  Local  Government 
Board,  the  floor  would  have  been  laid  in  granolithic  instead  of  wood. 

The  offices  consist  of  a  wash-house,  laundry,  ambulance-shed, 
mortuary,  and  a  small  disinfecting  chamber  for  the  use  of  sulphurous 
acid  gas.  Disinfection  by  heat  is  also  provided  for  in  a  separate  apart- 
ment by  a  Washington-Lyon  disinfector  of  the  type  formerly  described. 

The  heating  and  ventilation  of  the  -whole  hospital  are  combined  in 
one  scheme — viz.  by  Key's  plenum  system.  The  air  of  the  administra- 
tive block  is  changed  six  times,  and  of  the  isolation  pavilions  eight 
times  per  hour  day  and  night,  and  the  system  is  guaranteed  to  supply 
air  at  a  uniform  temperature  of  62°  F. 

The  drainage-system  is  excellent.  The  drain-pipes  are  laid  in 
straight  lines,  are  of  as  small  size  as  is  necessary,  and  are  provided  with 
man-holes  and  inspection-openings  at  all  angles  and  junctions.  The 
drains  of  each  block  of  buildings  are  entirely  disconnected  from  one 
another  and  from  the  main  drain  by  ventilating  traps,  while  the  main 
drain  itself  is  ventilated  by  the  exhaust  power  of  the  heated  air  of  the 
chimney-stalk  at  the  offices,  by  which  a  current  of  fresh  air  with  a 
velocity  of  700  feet  per  minute  is  passed  through  the  drain. 

The  Middle  Ward  of  LanarJc  Hospital  (Fig.  133)  stands  on  an  elevated 
site  overlooking  the  Clyde  valley  and  comprises  six  acres  of  ground.  It 
has  been  planned  for  100  adult  patients  in  the  following  pavilions — - 
viz.  four  pavilions  of  20  beds  each,  with  eight  private  wards  of  one 
bed  each ;  one  isolation  pavilion  of  6  beds  ;  and  one  observation 
pavilion  of  6  beds.  The  buildings  are  plotted  out  on  the  site  in  the 
following  manner  :  At  the  entrance  lodge  are  situated  a  waitiug- 
xoom  for  the  use  of  patients'  friends,  and  the  inquiry-room;  the 
administrative  block  occupies  a  detached  position  in  front  of  the  hospital 
site,  and  the  kitchen  and  service  department,  a  central  and  convenient 
position  for  distribution  of  food.    A  nurses'  home  has  been  added- 

The  four  main  pavilions  are  built  with  their  axis  north  and  south, 
thereby  permitting  of  the  fullest  amount  of  available  sunlight.  Each 
pavilion  is  divided  into  two  wards  of  10  beds  each,  and  has  two  separa- 
tion-wards of  one  bed  each  attached.'  The  nurse's  room  is  placed 
between  the  wards  in  such  a  position  that  by  means  of  windows  she 
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can  overlook  both  the  main  and  separation  wards.  Each  main  ward 
has  the  following  dimensions— viz.  length,  60  feet,  breadth,  26  feet, 
height,  13  feet.  The  total  gross  cubic  space  is  therefore  20,280  cubic 
feet,  and  the  total  superficies  or  floor-space,  1560  square  feet ;  thus 
each  patient  is  allowed  2028  cubic  feet,  156  square  feet,  and  12  feet 
linear  wall  space.  All  internal  wall-angles  of  wood  and  plaster-work 
are  rounded  or  hollowed  for  easier  cleaning.  All  the  walls  of  the  wards 
are  faced  externally  with  stone,  lined  on  the  inside  with  brick,  a  hollow 
space  intervening  for  ventilation.  The  lathing  of  walls  and  ceihng  is 
composed  of  steel.  The  lighting  of  the  wards  is  accomplished  by  means 
of  windows  which  extend  from  2|  feet  from  the  floor  to  the  ceiling. 
These  are  constructed  of  double-hung  sashes  to  three-fourths  of  the 


Fin.  133.— This  Hospital  contains  100  beds  for  Infective  Diseases.  At  the  entrance  is  the 
Porter's  Lodge,  and  adjacent  to  it  is  (2)  Administrative  Block.  Behind  and  to.the  left 
is  the  block  containing  Laundry,  Mortuary,  Destructor,  and  Disinfecting  Apparatus 
Ranging  along  the  back  are  Four  Main  Ward  Pavilions,  which  are  situated  north  anti 
south,  at  the  south  end  of  which  is  a  Verandah  for  convalescents.  The  two  (irst 
Pavilions  facing  the  reader  are  Isolation  and  Observation  Pavilions  The  site  of  the 
Hospital  extends  to  about  six  acres,  and  occupies  an  elevated  position. 

height,  with  a  hinged  hopper  fanlight  at  the  top  which  opens  inwards. 
All  the  ward  windows  are  double-glazed  with  sheet  glass.  There  is  a 
window  between  each  bed.  At  the  southern  end  of  each  pavilion 
there  is  a  verandah  for  the  use  of  convalescent  patients.  Attached 
to  each  pavilion  is  a  suite  of  undressing,  bathing,  and  dressing  rooms 
through  which  patients  have  to  pass  for  toilet  purposes  on  admission 
to  and  dismission  from  the  hospital. 

The  wards  are  heated  by  means  of  {a)  open  fireplaces  and  (b)  low- 
pressure  hot- water  piping.  The  latter  is  placed  under  the  floor,  and 
by  branches  from  these  pipes  radiators  in  the  wards  are  supplied. 
These  radiators  are  placed  against  the  external  walls  under  each  alter- 
nate window,  and  two  circular  radiators  are  fixed  in  the  centre  of  the 
ward  to  secure  equalisation  of  temperature.    The  ventilation  of  the 
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wards  is  achieved  by  means  of  the  hopper  fanlights  of  the  windows 
and  the  double-hung  sash-windows  themselves.  The  window-radiators 
act  in  combination  with  fresh-air  inlets  regulated  by  valves,  and  thus 
warmed  air  is  admitted.  The  exhaustion  of  foul  air  is  attained  by 
putting  vertical  exhaust  shafts  in  the  end  walls,  and  Honeyman's 
ventilators  in  the  ceilings.  Each  of  these  vei-tical  shafts  is  fitted  with 
a  steam  coil  to  ensure  the  upward  movement  of  air. 

The  drainage  arrangements  are  constructed  on  the  separate  system 
— one  set  of  pipes  carries  away  rain  and  surface-water,  another  set  the 
sewage.  The  drains  are  laid  in  practically  straight  lines,  with  inspec- 
tion man-holes  at  connections,  and  with  necessary  traps  and  ventilators. 
The  sewage  is  purified  before  leaving  the  grounds  of  the  hospital  by 
means  of  tanks  and  filters,  which  can  be  worked  continuously  or  inter- 
mittently, with  or  without  the  use  of  chemicals,  and  in  such  a  way  as 
provides  for  aeration  of  the  filters.  All  hospital  waste,  kitchen  refuse, 
bedding,  or  other  infected  material  which  is  to  be  got  rid  of,  is  burned 
in  a  destructor  also  erected  within  the  grounds,  Disinfection  is  accom- 
phshed  in  a  non- jacketed  disinfector,  made  by  Messrs  Goddard,  Massey, 
and  Warner. 

I  ,  ^The  mortuary  is  so  arranged  that  through  a  fixed  window  relatives 
may  look  upon  the  faces  of  their  dead. 

Another  commendable  feature  of  this  hospital  is  the  provision  of 
a  complete  system  of  subways  connecting  the  various  buildings.  In 
these  are  located  steam  and  water  mains,  wires  for  electric  light,  tele- 
phone, etc.,  and  workmen  are  able  to  pass  through  them  from  one 
point  to  another  of  the  hospital,  thus  making  it  unnecessary  for  them 
to  enter  an  infected  ward  for  examination  of  fittings  or  repairs. 

The  total  cost  of  the  hospital,  including  fittings,  apparatus,  machin- 
ery, furriiture,  etc.,  was  about  £37,000,  or  £370  per  bed. 

It  will  therefore  be  apparent  that  the  hospitals  described  exhibi" 
all_  the  important  modern  improvements  in  construction,  -with  sodv 
points  of  novelty  in  each  case,  and  may  therefore  be  taken  as  mos: 
illustrative  of  the  most  advanced  types. 

Law  respecting  Provision  of  Isolation  Hospitals 

The  law  of  England  respecting  hospital  provision  is  contained  in  : 
I.  The  Public  Health  Act,  1875,  Sections  131-133  ; 
II.  The  Isolation  Hospitals  Act,  1893  ;  and 

III.  The  Isolation  Hospitals  Amendment  Act,  1901. 

L  The  Public  Health  Act,  1875. 

to  pfovWe^"         .  131-  Any  L.  A.  may  provide  for  the  use  of  the  inhabitants  of  thcii 

Hospitals.         district  hospitals  or  temporary  places  for  the  reception  of  the  sick,  and  for  that 
purpose  may — 

Themselves  build  such  hospitals  or  places  of  reception  ;  or  contract  for 
the  use  of  any  such  hospital  or  part  of  a  hospital  or  place  of  reception  ;  or 

Enter  into  any  agreement  with  any  person  haviiig  the  management  of  any 
hospital,  for  the  reception  of  the  sick  inhabitants  of  their  district,  on  payment 
of  such  annual  or  other  sum  as  may  be  agi-eod  on. 

Tvvo^  or  more  Local  Authorities  may  combine  in  providing  a  commoii  hospital. 

Section  132.  Provides  for  the  recovery  of  cost  of  maintenance  of  patient, 
not  a  pauper,  in  any  such  hospital  from  such  patient,  or,  in  the  event  of  liis 
deatli,  from  his  estate. 
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[Note. — The  P.  H.  Acts  Amendment  Act,  1907,  section  60  (adoptive),  pro- 
vides thftt  the  L.  A.  may  pay  the  expenses  of  a  person  in  hospital,  not  a  pauper, 
when  the  circumstances  are  sucli  as  to  justify  tlio  remission  of  the  debt.  ( Vide 
p.  473.)] 

Section  133.  Gives  power  to  a  L.  A.,  with  tlie  sanction  of  the  L.  G.  Boai-d, 
to  provide  or  contract  with  any  person  to  provide  a  temporary  supply  of 
medicine  and  medical  assistance  for  the  poorer  inhabitants  of  their  district. 

II.  The  Isolation  Hospitals  Act,  1893— Lord  Thring's  Act  — was  passed 

to  enable  Coimty  Coimcils  to  establish  hospitals  for  persons  suffering  from  in- 
fectious diseases  ;  and 

III.  The  Amending  Act,  1901 — 

Was  passed  to  amend  certain  provisions  of  the  Act  of  1893. 

Neither  of  the  Acts  applies  to  Ireland,  London,  Scotland,  or  to  any  English 
county  borough,  or  to  any  borough  of  10,000  or  more  inhabitants,  imless  the 
borough  comacil  consent,  and  shall  only  apply  to  any  borough  of  less  than 
10,000  inliabitants  if  the  council  consent,  or  the  Local  Goverimient  Board 
direct  that  the  Act  shall  apply  thereto. 

In  the  Act  of  1893  as  amended  by  the  Act  of  1901 ; 

Section  3.  Gives  power  to  any  County  Council  to  provide  such  a  hospital 
in  any  district  of  their  coimty  when  application  has  been  made  and  sufficient 
reasons  have  been  given  to  support  such  appUcation. 

Section  4.  Declares  that  such  an  appUcation  may  be  made  (1)  by  one  or 
more  Local  Authorities  having  jurisdiction  in  the  county  or  any  part  of  it  after 
the  passing  of  a  resolution  to  that  effect  at  a  meeting  duly  called  for  the  piu-- 
pose,  and  (2)  by  not  fewer  than  twenty-five  ratepayers  in  any  contributory 
place. 

Section  5.  (1)  Declares  that  the  application  shall  be  made  by  petition, 
stating  the  district  for  wliich  the  hospital  is  required,  and  adducing  reasons 
therefor.  (2)  That  the  C.  C,  or  a  special  committee,  shall  consider  the  prayer 
of  the  petition,  and  if  they  are  satisfied  that  a  prima  facie  case  is  made  for 
holding  a  local  inquirj^  they  shall  cause  such  local  inquiry  to  be  held. 

Section  6.  Empowers  a  C.  C,  without  any  application  from  a  Local 
Authority,  to  direct  the  M.  O.  H.  to  inquire  as  to  the  need  for  the  estabhslmient 
of  such  a  hospital  in  any  particular  district,  and,  on  an  affirmative  report,  to 
proceed  as  if  the  application  had  been  made  as  in  section  4(1). 

Section  7.  The  C.  C.  shall  conduct  the  inquiry  -with  reference  to  (1)  the 
necessity  for  estabhshment  of  such  a  hospital,  (2)  the  proper  site  for  the  same, 
and  (3)  the  district  for  which  it  is  to  be  estabUshed,  by  a  committee  of  such 
number  of  their  members,  either  with  or  witlioiit  additional  persons,  or  in 
such  other  manner  as  the  Coimcil  think  expedient.  Due  notice  as  to  time  and 
place  of  inquiry  shall  be  given  in  such  manner  as  the  C.  C.  may  think  best  fitted 
to  inform  any  persons  interested,  and  any  interested  persons  may  attend  and 
state  their  case. 

Section  8  (as  amended  by  section  5  of  the  Act  of  1901).  (1)  A  hospital 
district  shall  consist  of  one  or  more  local  areas,  such  local  area  being  (a)  an 
urban  sanitary  district,  or  (b)  a  rural  sanitary  district,  or  (c)  a  contributory 
place. 

(2)  The  C.  C.  may  vary  any  hospital  district  by  adding  to  it  or  subtracting 
from  it  any  local  area.  If  any  local  area  is,  in  their  opinion,  ah-eady  sufficiently 
provided  with  hospital  accommodation,  it  shall  not,  imless  with  the  assent  of 
the  Local  Authority  of  such  area,  be  included  in  a  hospital  district  under  this 
Act. 

(3)  If  any  L.  A.  having  jurisdiction  within  the  proposed  hospital  district 
object  to  the  formation  of  such  a  district,  or  to  any  addition  to  or  subtraction 
from  the  district  of  any  local  area,  they  may  appeal  to  the  L.  G.  Board  against 
any  order  within  three  months  of  the  date  of  such  order. 

[iVo<e.— Section  6  of  the  Amending  Act  of  1901  empowers  the  L.  G.  Board 
to  confirm,  disallow,  or  modify  the  order  after  considering  the  upijeal.] 


508 


PUBLIC  HEALTH 


Section  9  (as  amonded  by  section  7  of  the  Act,  1901).  After  conclusion  oi 
local  inquiry,  the  committee  of  the  C.  C.  shall  make  an  order  either  disminsin.. 
tho  petition  or  constituting  a  hospital  district,  and  directing  the  estubHsliiiiont 
of  such  hospital.  Tho  C.  C.  sliall  send  a  copy  of  any  such  order  to  tho  L.  (J 
Board.  No  order  shall  be  made  constituting  a  hospital  district  for  one  or  more 
contributory  places  forming  a  part  of  a  rural  sanitary  district,  or  for  one  local 
area,  unless  the  L.  A.  concerned  consents  or  is  unable  or  unwilling  to  provide 
such  hospital  accommodation. 

Section  10  (amended  by  section  8  of  the  Act  of  1901 ).  Deals  with  the  forma- 
tion of  a  "  Hospital  Committee  "  by  the  C.  C,  when  the  hospital  district  ha^ 
been  constituted.  Such  Committee  may  consist  solely  of  member.^  of  the 
C.  C,  or  partly  of  suchmejnbers  and  partly  of  representatives  of  the  local  area 
or  areas  in  the  district,  or  wholly  of  such  local  representatives.  The  C.  C. 
shall  make  necessary  regulations  regarding  the  constitution,  election  of  the 
Committee,  and  other  matter.?  relating  thereto. 

A  Hospital  Committee  shall  have  power  to  acquire  land  and  such  other 
powers  relating  to  the  hospital  as  the  C.  C.  may  delegate  to  them,  and  shall  be 
a  body  corporate,  having  a  perpetual  succession  and  a  common  seal.  The 
C.  C.  shall  retain  power  to  inspect  such  hospital  and  to  raise  money  for  hospital 
purposes. 

Section  11.  Deals  with  the  pm-chase  of  land  for  such  hospital. 

Section  12.  Empowers  the  Hospital  Committee  to  make  necessary  rules  and 
regulations  for  the  conduct  and  management  of  the  hospital  and  of  patients. 

Section  13.  Declares  that  every  isolation  hospital  shall  be  provided  with  an 
ambulance  or  ambulances,  and,  as  far  as  practicable,  be  in  connection  with  a 
system  of  telegraphs. 

Section  14.  Empowers  such  Hospital  Committee,  in  expectation  of  or  in  the 
event  of  any  outbreak  of  infectious  disease,  to  provide  additional  accommoda- 
tion for  the  reception  of  infectious  patients,  in  such  form  and  manner  as  they 
may  deem  expedient;  or,  before  the  permanent  hospital  is  estabUshed,  may 
provide  temporary  accommodation. 

Section  15.  Subject  to  any  regulations  made  by  the  C.  C,  the  Hospital 
Committee  may  make  arrangements  for  trainmg  nurses  to  nurse  infectious 
patients,  inside  or  outside  the  hospital,  and  may  charge  for  outside  nursing. 

Section  16.  (1)  There  shall  be  charged  with  respect  to  every  person  ad- 
mitted into  the  hospital  such  sum  as  the  Committee  may  tloink  sufficient  to 
defray  the  expenses  in  this  Act  defined  as  "  patients'  expenses."  If  any  patient 
be  admitted  to  the  hospital  from  beyond  the  hospital  district,  an  extra  charge 
shall  be  made  as  a  contribution  towards  the  cost  of  the  pro\dsion  of  the  hospital. 

(2)  Persons  desirous  of  being  provided  with  accommodation  of  an  excep- 
tional character  may  be  so  provided  on  their  midertakmg  to  pav  for  the  same 
a  sum  fixed  by  the  Committee,  and  also  to  pay  for  all  other  expenses  incurred 
in  respect  of  their  maintenance  in  the  hospital,  such  expenses  being  in  this  Act 
referred  to  as  "  special  patients'  expenses." 

Sections  17  and  18.  Deal  with  classification  of  expenses  and  payment  of 
the  same,  except  patients'  and  special  patients'  expenses. 

Section  19.  Declares  (1)  If  a  patient  be  a  pauper  or  has  been  in  receipt  of 
paroclnal  relief  M'ithin  fourteen  days  before  admission,  the  Union  Guardians 
shall  pay  his  expenses  ;  (2)  If  he  be  a  non-pauper  patient,  the  L.  A.  of  the  local 
area  whence  he  came  shall  pay  out  of  the  local  rates  ;  (3)  the  extra  charge  for 
any  patient  conung  from  beyond  the  hospital  district  shall  be  payable  by  the 
L.  A.  of  that  place  out  of  the  local  rates  ;  (4)  special  patients'  expenses  shall 
be  payable  by  the  patient?  themselves  ;  and  (5)  the  expenses  of  burial  of  any 
patient  dying  in  hospital  shall  be  payable  by  the  L.  A.  sending  him  to  hospital. 

Section  20.  Gives  power  to  a  C.  C,  on  appUcation  of  the  Hospital  Com- 
mittee, and  with  consent  of  any  L.  A.  concerned,  to  alter  any  order  made  by 
them  for  establishment  of  a  hospital. 

Section  21.  Gives  power  to  a  C.  C.  to  contribute  out  of  the  county  rate  a 
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cnipital  or  aimuul  siuu  tuwartls  structural  and  establishment  expenses  of  a 
liospital,  or  to  one  or  other  chx?s  of  such  expenses. 

[Note. — Tliis  is  amended  by  section  1  of  the  Act  of  1901  as  follows  : — (1) 
-liiy  L.  A.  whicla  has  provided  a  hospital  imder  any  other  Act  may  transfer 
the  same  to  the  C.  C.  with  the  sanction  of  the  L.  G.  Board  and  the  assent  of  the 
C.  C.  Such  a  liospital  may  be  used  a?  an  isolation  hospital  and  bo  treated  as 
if  it  had  been  erected  under  the  Isolation  Hospitals  Act,  1893.] 

Section  22.  Empowers  the  C.  C.  to  borrow  money  for  the  purposes  of  this  Act. 

Section  23.  Enacts  that  no  person,  by  reason  of  his  being  admitted  into  and 
maintained  in  any  hospital  established  under  this  Act,  shall  suffer  any  disquali- 
fication, or  any  loss  of  franchise,  or  other  right  or  privilege. 

Section  24.  Applies  section  87,  sub-sections  1  and  5,  of  the  Local  Government 
Act,  1875  (power  to  hold  inquiries  by  the  L.  G.  Board),  to  the  purposes  of  this  Act. 

Section  25.  Deals  \\ath  avidit  of  aecoimts. 

Section  26.  Defines  a  "  local  area  "  to  be  any  urban  sanitary  district,  rural 
sanitary  district,  or  contributory  place,  and  a  "  Local  Authority  "  to  be,  in  an 
m-ban  sanitary  district,  the  urban  sanitary  authority,  in  a  rm-al  district,  the 
rural  sanitary  authority,  and,  in  a  contributory  place  being  a  parish,  the  vestry 
or  other  authority  having  the  powers  of  a  vestry. 

The  law  with  regard  to  Temporary  Shelter  or  House  Accommodation  in 
England,  tlie  equivalent  of  the  Reception  House  in  Scots  law,  is  contained  in — 
I.  The  Infectious  Disease  (Prevention)  Act,  1890,  section  15;  and 

II.  The  Public  Health  Acts  Amendment  Act,  1907,  section  61  (adoptive). 

The  terms  of  section  15  of  the  first-mentioned  Act  are  as  follows  : — 

The  Local  Autliority  shall  from  time  to  time  provide,  free  of  charge, 
temporary  shelter  or  house-accommodation  with  any  necessary  attendants,  for 
the  members  of  any  family  in  wliich  any  infectious  cUsease  has  appeared,  who 
have  been  compelled  to  leave  their  dwellings  for  the  pmpose  of  enabling  such 
dwellings  to  be  disinfected  by  the  Local  Authority. 

(For  the  terms  of  section  61  of  the  second-mentioned  Act,  vide  p.  471.) 

Scotland. — The  law  in  Scotland  respecting  Isolation  Hospitals  and  Houses 
of  Reception,  etc.,  differs  in  no  essential  respect  from  that  of  England,  except, 
perhaps,  with  respect  to  the  liabiUty  of  a  patient  in  an  isolation  hospital  for 
the  cost  of  liis  treatment  and  maintenance.  There  is,  certainly,  no  statutory 
provision  on  the  subject  in  the  law  of  Scotland  ;  while  a  Local  Authority  are 
empowered  to  provide  hospital-acconunodation,  medical  attendance,  nursing, 
and  maintenance,  for  infectious  patients,  they  have  no  power  to  recover  the 
cost  from  the  patient  or  his  relatives.  The  case  is  entirely  different  where  one 
Local  Authority  contracts  with  another  Local  Authority  with  regard  to  the 
treatment  of  their  patients  in  the  hospital  of  the  other  Authority,  since  part 
of  the  contract  will  consist  in  the  sum  to  be  contributed  per  patient  by  the 
one  Authority  to  the  other. 

The  law  is  contained  in  the— 

Public  Health  (Scotland)  Act,  1897. 

Section  66.  (1)  Any  Local  Authority  may,  and  if  required  by  the  L.  G. 
Board  shall,  provide,  furnish,  and  maintain  for  the  use  of  the  inhabitants  of 
their  district  suffering  from  infectious  disease,  hospitals,  temporary  or  per- 
manent, and  houses  of  reception  for  convalescents  from  infectious  disease,  or 
for  persons  who  have  been  exposed  to  infection,  and  for  that  piu-pose  may  

(a)  themselves  build  such  hospitals  or  houses  ;  or 

(6)  contract  for  the  use  of  any  s.uch  hospital  or  house  or  part  thereof  ;  or 

(c)  enter  into  any  agreement  with  any  person  having  tlie  management  of  any 
.such  hospital  or  house  or  part  thereof  on  payment  of  such  annual  or  other  sum  as 
inay  bo  agreed  on  ; 

(d)  any  Local  Authority,  with  consent  of  the  Board,  may  also  or  in  place  of 
pro\  iding  such  hospitals  or  houses  as  aforesaid,  employ  nurses  to  attend  the 
persons  suffering  from  infectious  disease  in  their  own  houses,  and  also  supply 
medicines  and  medical  attendance  for  such  sick. 
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(2)  Two  or  more  Local  Authorities  may,  and  if  required  by  the  Board  shall, 
combine  in  providing,  furnisliing,  and  maintaining  a  cormnon  lio.spital  or 
laouso  of  reception,  or  in  employing  nurses  on  terms  to  be  agreed  on,  and  faiUng 
agreement,  to  be  fixed  by  the  Board,  whose  determination  shall  be  binding. 

(3)  No  contract  for  the  use  of  any  such  hospital  or  house  or  part  thereof 
shall  be  entered  into  without  the  consent  of  the  Board,  and  no  hospital  or  house 
of  reception  shall  bo  provided,  imless  and  until  the  site  and  plans  for  the  con- 
struction thereof  have  been  approved  by  the  Board.  Provided  always  that 
sucli  site  shall  be  in  or  within  a  convenient  distance  of  the  di.strict  of  the  Local 
Authority,  or  in  the  case  of  a  combination  in  terms  of  this  section,  in  or  witliin 
a  convenient  distance  of  the  combined  district. 

(4)  A  Local  Authority  may  with  the  sanction  and  subject  to  regulations 
made  by  the  Board  provide  and  maintain  one  or  more  portable  hospitals  for 
the  use  of  their  district. 

Section  47,  sub-section  4,  also  empowers  a  Local  Authority  to  provide  places 
of  temporary  shelter,  or  house-accommodation.    ( Vide  p.  470. ) 

Section  141.  Gives  power  to  a  Local  Authority  to  borrow  for  furnisliing  as 
well  as  for  providing  hospitals. 

Sections  144  and  145.  Give  power  to  a  Local  Authority  to  acquire  land 
compulsorily  for  the  pm^pose  of  a  hospital. 

[Note. — A  district  committee  of  a  County  Coimcil,  although  the  Local  Author- 
ity for  their  district,  is  not  empowered  to  acquire  or  hold  lands,  and  where 
land  for  a  hospital  has  to  be  acquired  and  held  for  this  purpose  in  the  district 
of  a  county,  such  must  be  acquired  and  held  by  the  County  Council. 

For  requirements  as  to  sites  for  Smallpox  hospitals,  as  laid  down  in  a 
Memorandmn  of  the  EngUsh  Local  Govermnent  Board,  see  p.  489.] 
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LAW  AS  TO  NUISANCES 
Public  Health  (Scotland)  Act,  1897,  Part  II. 

Under  the  PubUc  Health  (Scotland)  Act,  1867,  it  was  necessary  in  the  bulk 
of  cases  to  prove  actual  injiuy  to  health  from  a  nuisance.  Under  the  present 
Act  of  1897,  the  conditions  have  to  be  proved  to  be  a  nuisance  or  injurious  or 
dmigerous  to  health.  The  introduction  of  the  word  "  dangerous  "  enlarges  the 
scope  of  the  possible  effects  of  a  nuisance,  in  respect  that  a  Local  Authority  is 
now  only  called  upon  to  show  that  any  existmg  condition  is  hkely  to  prove 
prejudicial  to  health,  and  not  that  it  has  caused  actual  injury  to  health.  A 
nuisance  has  been  defined  by  Lord  Chancellor  Selbom-ne  as  follows  :  i— "  Wliat 
causes  discomfort  and  annoyance  for  the  ordinary  purposes  of  life  to  a  man's 
house  or  to  his  property,  is  to  be  restrained,  subject  of  course  to  finchngs  wliich 
the  particular  circumstances  of  the  particular  case  may  raise  ;  and,  although 
the  e\adence  does  not  go  to  the  length  of  proving  that  health  is  in  danger,  I 
will  say  no  more  than  that  the  conclusion  seems  necessarily  and  properly  to 

follow."  c     r-  J 

The  terms  "  offensive  "  and  "  offensiveness,"  used  in  section  16  of  the  Act  of 
1867,  weredefined  in  the  opinion  of  counsel  (Lords  Young  and  Gordon  and  Sheriff 
Monro,  then  coimsel)  thus  :— "  Offensivenoss  must  be  such  as  seriously  to  inter- 
fere with  the  comfort  of  life  in  the  neighbourhood,  and  such  may  be  detrimental 
to  health,  although  it  should  be  impossible  to  prove  that  it  has  been  or  neces- 
sarily must  be  so."    (Board  of  Supervision,  Report  1872.    App.  p.  107.) 

It  is  necessary  that  the  student  should  distinguish  between  statutory 
nuisances  and  nuisances  at  common  law.  All  of  the  nuisances  dealt  with  under 
section  16  of  the  Scottish  PubUc  Health  Act,  1897,  and  section  91  the  English 
Act  of  1875,  are,  for  example,  statutory  nuisances,  and  the  procedure  for  dealing 
with  these  in  the  respective  Acts  named  apply  only  to  these,  and  not  to 
nmsances  at  common  law.  A  nuisance  at  common  law,  per  contra,  may  be  de- 
fined as  any  condition  or  circumstance  which  causes  discomfort  and  annoyance 
for  the  ordinary  purposes  of  life.  According  to  section  170  of  the  P.  H.  (Scot- 
land) Act,  1897,  nothing  in  that  Act  shall  be  construed  to  impair  any  right  of 
action  in  respect  of  nuisances  at  common  law  ;  and  according  to  section  171  all 
powers  given  by  that  Act  shall  be  deemed  to  be  m  addition  to  and  not  in  deroga- 
tion of  any  power  conferred  by  any  unrepealed  Act  of  Parliament  or  any  law  or 
castom. 

The  following  are,  in  brief,  the  terms  of  Section  16  of  the  Public  Health 
(Scotland)  Act,  1897: — 

For  the  purposes  of  tliis  Act — 

(1)  Any  premises  or  part  thereof  of  such  a  construction  or  in  such  a  state 
as  to  be  a  nuisance  or  injurious  or  dangerous  to  health  ; 

[This  sub-section  applies  to  all  premises  inhabited  or  uninhabited,  and  it  is 
not  required  to  prove  injury  to  health. 

The  Housing  of  the  Working  Classes  Act,  1890,  Part  IJ.,  sections  30-41,  deals 
with  unhealthy  dwellmg-houses,  and  provides  for  the  closure  of  any  sucli  house 
which  is  in  a  condition  so  dangerous  or  injurious  to  health  as  to  be  unfit  for 
human  Jiabitation. 

J?ut  the  Act  now  under  consideration  has  a  wider  scope.    By  the  definition 
1  Fleming  and  Hislop,  March  1,  I88G.    13  R  (H.  L  )  43 
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of  tlio  word  "  promises  "  (Section  3)  this  will  be  apparent ;  for  as  defined,  it 
iiiclado.-i  Itinds,  building-i,  vehiclos,  tents,  vans,  structures  of  any  kind,  streams, 
lakes,  seashore,  drains,  ditches,  or  places  open,  covered,  or  inclosed,  whether  built 
on  or  not,  whether  public  or  private,  and  whether  natural  or  artificial,  and  wliether 
maintained  under  statutory  authority  or  not,  and  any  ship,  lying  in  any  sea,  river, 
harbour,  or  other  water,  or  ex  adverso  of  any  place  within  the  limits  of  the  Local 
Authority.  ] 

(2)  Any  street,  pool,  ditch,  gutter,  water-course,  sink,  cistern,  water-closet, 
earth-closet,  privy,  urinal,  cesspool,  drain,  dung-pit,  or  ash-pit,  so  foul  or  in  such 
a  state  or  so  situated  as  to  be  a  nuisance  or  injurious  or  dangerous  to  health  ; 

[It  is  to  be  noted  that  section  28  gives  special  powers  for  dealing  witli  foul 
water-courses,  ditches,  gutters,  or  drains,  and  section  41,  for  cleansing  open 
ditches  lying  near  or  forming  boundaries  of  districts  {vide  p.  325),  while  sections 
30  and  31  provide  penalties  for  causing  a  drain,  water-closet,  or  other  sanitary 
convenience  to  be  a  nuisance  by  wilful  damage  to  the  same.] 

(3)  Any  well  or  water-supply  mjurious  or  dangerous  to  health ; 

[A  Local  Authority  have  full  power  over  public  wells  which  they  may  close  if 
fotmd  to  be  contaminated  ;  and  sections  127-129  provide  penalties  against  the 
pollution  of  any  well  or  place  for  water  by  any  refuse  from  the  manufacture  of 
gas,  naphtha,  vitriol,  paraffin,  dye-stuffs,  or  other  deleterious  substances  {vide 
p.  205).  In  the  case  of  private  wells,  clostu-e  can  onty  be  effected  by  an  order  of 
the  Sheriff  if  the  closure  be  resisted  by  the  owner.  The  examination  may  in- 
clude chemical  analysis,  the  cost  to  be  charged  to  the  pubhc  health  rate. 

Water  is  expressly  excluded  from  the  Sale  of  Food  and  Drugs  Acts,  1875-1899. 

The  Dairies,  Cowsheds,  and  Milkshops  Order,  1885,  clause  7,  makes  provision 
for  a  proper  water-supply  to  a  dairy  before  it  can  be  occupied  for  that  purpose. 

Prevention  of  pollution  of  the  water  of  streams  for  primary  purposes  may  be 
attained  by  an  action  at  common  law.] 

(4)  Any  stable,  byre,  or  other  building  in  which  any  animal  or  animals  are 
kept  in  such  a  manner  or  in  such  numbers  as  to  be  a  nuisance  or  injurious  or 
dangerous  to  health  ; 

[A  Local  Authority  has  power  to  make  bye-laws  respecting  the  construction, 
situation,  and  cleansing  of  pig-styes  (Sect.  35),  and  to  deal  with  insanitary  con- 
dition of  byres  imder  the  Contagious  Diseases  (Animals)  Act,  1878,  section  34, 
as  amended  by  section  9  of  the  Act  of  1886,  and  under  the  Dairies,  Cowsheds, 
etc..  Order  of  1885. 

In  burghs,  byres  come  under  the  provisions  of  the  Cattle-sheds  in  Biu-ghs 
(Scotland)  Act,  1868,  section  4  ;  stables,  byres,  and  areas  connected 
therewith  in  burghs,  under  the  Burgh  Police  (Scotland)  Act,  1892, 
section  121  ;  and  any  house,  building,  or  premises  kept  so  as  to  be  a 
nuisance  or  source  of  annoyance  to  neighboiuring  inhabitants  by  the  keeping 
of  dogs,  cats,  fowls,  or  other  animals,  under  section  316,  B.  (7)  of  that  Act.] 

(5)  Any  accumulation  or  deposit,  including  any  deposit  of  mineral  refuse, 
which  is  a  nuisance  or  injurious  or  dangerous  to  health  or  anj^deposit  of  offensive 
matter,  refuse,  or  offal  or  manure  (other  than  farmyard  mamu-e  or  manure  from 
byres  or  stables,  or  spent  hops  from  breweries)  within  fifty  yards  of  any  public 
road  wherever  situated,  or  any  offensive  matter,  refuse,  or  offal,  or  manure  other 
than  aforesaid,  contained  in  uncovered  trucks  or  waggons  standing  or  being  at 
any  station  or  sicUng  or  elsewhere  on  a  railway,  or  in  canal  boats,  so  as  to  be  a 
nuisance  or  injurious  or  dangerous  to  health  ; 

[This  sub-section  does  not  apply  to  manure  being  loaded  or  unloaded  or  in 
course  of  transit,  nor  shall  a  penalty  bo  imposed  in  respect  of  any  accumulation 
or  deposit  necessary  for  tlie  effectual  carrying  on  of  any  business,  if  it  be  proved 
that  such  accumulation  or  deposit  has  )iot  been  kept  ionger  than  is  needful  for 
the  purposes  of  such  business,  and  tliat  the  best  available  means  have  been 
taken  to  proveiat  injury  or  danger  thereby  to  the  public  health. 

The  sub-section  does  apply,  however,  to  deposits  of  ash-pit  refu.se  deposited 
by  a  Local  Authority  under  scavenging  provisions,  for  which  section  37  (2)  of  this 
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(6)  Any  work,  manufactory,  trade,  or  business  injurious  to  the  health  of  tho 
neighbom-hood,  or  so  conducted  as  to  be  injurious  or  dangerous  to  heafth  o/^v 
collection  oi  rags  or  bones  injmious  or  dangerous  to  health  •  '  ^ 

[Under  this  sub-section  it  is  not  enough  to  aver  mere  offensiveness  •  it  will 
be  necessary  to  aver  and  prove  injury  to  health  "«iveness  ,  it  will 

The  section  of  the  Act  (section  36)  winch  deals  with  any  nuisance  arisinr? 
from  oiiensive  trades  or  businesses,  is,  perhaps  an  eau-i-Ilv  if  nn+ 1!>       «   !  ^ 
method  of  suppressing  such  nuisanc;s".    NSrsCce^'df  "t^^'eXv^?^^^^^^^ 
and  chernical  works  are  controUed  by  the  Alkah,  etc..  Works  RegulatSn  Act 
tt  ISO.  t  ^K^T"     r^^'^der  section  316,  B.  (6)  of  the^B  P    Scot  ) 

(7)  Any  house  or  part  of  a  house  so  overcowded  as  tc  ho  ir,,-,,,.- 
dangerous  to  the  health  of  the  inmates ;  as  to  be  mjurious  or 

["  House  "  is  defined  in  section  3  of  this  Act  as  a  "  rlwoiHr^^  i 
0  udes  .chool,,  also  facto™,  and  other  Uu^^      wl"  K Sra^^'t"'- 

o-r^r^s^rr^tdis:^^^^^^^^^ 

onch  .paces  is  laid  doJL^  c  JJSLtL  lt?7  "^'"S  «« 

J=«sLZd\iLTarir^^^^^^^^^^^^^^ 

by.'Sc.a»,°o"'„Ttri'^?^^^^^ 

section  84  to  „gu,„te  the  oonaiiLTlLl^^T^:^^"rSS::Zt':' 
crow^g  accordmg  to  the  provis.oas  of  the  let  i„  referenceTo"::™™  iX'^ 

In  the  Burgh  PoHce  (Scotland)  Act,  1903,  sections  64  65  «nrl  fi7  /  i  •  u 
Snr"'  -^^^  -  ^we,C'ti"d°;^S.rn'itTf 

danger  to  the  health  of  the  imnaS^  of  tJeToSeV  '"""^  °' 

visil^tCFXTirwTh^CZor,  i-'    "»  p-o- 

(1)  IS  not  kept  in  a  cleanly  state  and  free  from  effluvia  f^vi^ZlZ^. 
dram  privy  water-closet,  earth-closet,  uzmal,  or  oZnuisan^ 

(H)  IS  not  ventilated  in  such  a  manner  as  to  render  harmirsT!.  f 
able  any  gases,  vapours,  dust,  or  other  impurftirs  ™^  fi  P^^*'"" 

workcarriedon  therein, ihat are  a  nura^oTini If ous o f  1  TT""  '^'^ 

(ill)  is  so  overcrowded  while  work  isTriSdTas  o  be  tiur!""' 
to  the  health  of  those  therein  employed  ;  injurious  or  dangerous 

[ThoFactoryand  Workshop  Act,  1895  section  wn  ^ 
shall  bo  deemed  to  be  so  overcrowded  a;  to  I^^  dVni^^^  ^'^  ^^^^^ 
health  of  those  employed  therein  if  the  amo„nfT  7-"      "^J'"''"^«  tl^o 

therein  bears  to  the  nufuberorpi^oi  empZe  U^^^^^^  '^"^  ^""""^ 

le^a^^  cubic  feet,  or,  du^g  over^  ^1;=^ 
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Proviso  (b)  to  soctiou  10  of  tlio  P,  H.  (Scot.)  Act,  1897,  enacts  that  in  cuii- 
sidoi'iiig  wliotliei'  any  dwolling-Jiouso  or  part  tliereof  wliicli  Ib  also  used  as  a 
factory,  or  whether  any  factory,  used  also  as  a  dwelUng-houso,  is  a  nuisance  by 
reason  of  overcrowding,  the  Coiu-t  shall  have  regard  to  the  circumstances  of 
such  other  use.  (For  the  definitions  of  the  expressions  "  factory  "  and  "  work- 
shop," see  pp.  557-8.) 

Under  the  Cotton  Cloth  Factories  (Amendment)  Act,  1887,  daily  observa- 
tions must  bo  made  respecting  the  amount  of  watery  vapour  contained  in  the 
atmosphere  of  the  working-places. 

Proviso  (6),  already  given,  appUes  to  cases  coming  under  this  sub-.section  (iii). 

The  Factory  and  Work.shops  Act,  1901,  declares  that  "  cleanliness  "  is  to  be 
interpreted  to  mean  in  a  cleanly  state  and  free  from  effluvia,  and  "  ve7v- 
illation  "  to  mean  the  existence  or  provision  of  such  means  for  changing  the  air 
as  to  render  harmless,  so  far  as  practicable,  any  gases,  etc.,  which  ai"e  a  nuisance. 

Proceedings  under  this  sub-section  must  be  founded  upon — 

(a)  a  certificate  of  the  Medical  Officer  of  Health,  or 

(6)  representation  by  a  Parish  Council,  or 

(c)  requisition  in  writmg  by  ten  ratepayers  of  the  district  of  the  Local 
Authority,  and  must  be  taken  before  a  Sheriff.] 

(9)  Any  fire-place  or  furnace  situated  within  the  limits  of  any  burgh  or 
special  scavenging  district  which  does  not  so  far  as  practicable  consume  the 
smoke  arising  from  the  combustible  matter  used  therein,  for  working  engines  by 
steam,  in  any  mill,  factory,  dyehouse,  brewery,  bakehouse,  or  gaswork,  or  in 
any  manufacturing  or  trade  process  whatsoever  ; 

[For  burghs  of  not  less  than  2000  inlaabitants,  the  provisions  of  the  Smoke 
Nuisance  Abatement  (Scotland)  Act,  1857,  and  the  Amending  Acts  of  1861  and 
1865,  apply,  and  imder  these  Acts  the  Procin'ator-fiscal  of  the  burgh  initiates 
proceedings. 

It  is  not  necessary  in  cases  under  this  sub-section  to  aver  or  to  prove  injury 
or  danger  to  health.] 

(10)  Any  chimney  (not  being  the  chimney  of  a  private  dwelling-house) 
sending  forth  smoke  in  such  quantity  as  to  be  a  nuisance  or  injurious  or 
dangerous  to  health  ; 

[In  cases  under  this  sub -section,  the  test  will  probably  be — the  quantity  and 
the  time  of  continuous  issue  of  black  smoke  from  the  chimney.  Such  a  test  is, 
however,  liable  to  be  depreciated  in  value  by  the  passing  of  spent  steam  into 
the  works'  chimney  thus  to  dilute  and  to  hghten  the  colour  of  the  smoke 
which  issues.] 

(11)  Any  churchyard, cemetery, or  placeof  sepulture  so  situatedor  so  crowded 
or  otherwise  so  conducted  as  to  be  offensive  or  injurious  or  dangerous  to  health, 
shall  be  deemed  to  be  nuisances  liable  to  be  dealt  wdth  summarily  in  maimer 
provided  by  this  Act ; 

[In  cases  rmder  tliis  sub-section  it  is  only  necessary  to  prove  offensive- 
ness.  Nor  is  it  necessary  to  sununon  any  individual  person  as  the  author  of 
the  nuisance,  but  intimation  must  be  given  to  the  collector  of  church-yard  dues 
or  other  person  directed  by  the  Sheriff. 

The  proceeduigs  to  be  conducted  before  the  Sheriff  are  regulated  by  section 
22  of  tins  Act : — in  cases  imder  sub-section  (11)  in  section  16,  it  shall  not  be 
necessary  to  cite  any  person  as  the  author  of  tlie  nuisance,  but  such  application 
shall  be  proceeded  with  by  the  Sheriff  (to  whom  alone  it  shall  be  made)  after 
such  intimation  to  the  Collector  of  the  chiu:ch-yard  or  other  dues,  or  to  such 
other  person  as  to  the  Sheriff  shall  seem  meet ;  and  such  person  or  persons  as 
shall  appear  after  such  intimation  shall,  if  tlie  Sheriff  think  proper,  bo  allowed 
to  be  heard  and  to  object  to  such  application  in  the  same  mamier  as  if  he  or 
they  were  the  authors  of  the  alleged  nuisance  Awtliin  the  meaning  of  this  Act. 

The  Burial  Groimds  (Scotland)  Act,  1855,  pro\ddes  an  altomative  procedure 
for  closing  a  graveyard.  By  section  4  of  this  Act,  it  is  enacted  that  any  two 
members  of  a  Parish  Council,  or  ten  ratepayers,  or  two  householders  who  reside 
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\vitluu  100  yards  of  an  existent  gi-aveyard,  may  apply  to  the  Sheriff  for  closure, 
who  shall  make  mqiury,  and  if  he  finds  that  such  gi-aveyard  is  dangerous  to 
health,  or  offensive,  or  contrary  to  decency,  he  shall  pronounce  accordingly  by 
interlocutor,  and  shall  transmit  a  copy  of  the  same  to  the  Secretary  for  Scotland  : 
tliereafter  an  Order  in  Council  may  be  issued  for  closing  the  gi-aveyard 
gi-a^yard^'"''''^  provided  for  the  proposed  estabhshment  of  a  new 

Section  146  (2)  of  the  P.  H.  '(Scot.)  Act,  1897,  extends  to  Local  Authorities 
power  to  mitiate  proceedings  mider  the  Bmial  Grounds  Act 

If  procedure  bo  taken  by  a  Local  Authority  imder  the  Bui-ial  Grounds  Act 
and  thereby  a  gi-aveyard  is  closed,  it  is  mcmnbent  on  the  Parish  Coimcil,  under 
section  10  of  that  Act  to  provide  a  new  gi'aveyard;  if,  on  the  other  liand, 
pioceduro  be  taken  under  section  10  (11)  of  the  P.  H.  (Scot.)  Act,  1897,  no  such 
duty  lies  on  the  Parish  Comicil,  but,  if  tlie  Parish  Council  thinlcs  fit,  it  may 
provide  a  new  biu-ial  groimd  mider  section  9  of  the  Bm-ial  Groimds  Act 

Ihere  is  no  sunilar  sub-section  in  the  Pubhc  Health  Act,  1875  (England) 
but  the  provision  of  new  places  of  bm-ial  and  the  maldng  of  bye-laws  concerning 
sucli,  are  met  by  the  Pubhc  Health  (Interments)  Act,  1879.    Model  bye-laws  on 
Board^]       ^^'^'^^'^^''^^         b^®^  by  the  EngHsh  Local  Government 

.t^f^'^'Tw'^^''  °*       ^^^^^  1875  (England),  enumer- 

ates as  statutory  nmsances,  with  some  differences  in  phraseology  and  matters 
included,  those  embraced  in  the  foregoing  sub-sections  (1),  (2)  (4)  (5)  (7) 
8)  and  (9),  it  omits  m  addition  to  tlie  above-noted  exLption,  sub-section 
(11),  the  matters  dealt  with  m  sub-sections  (3),  (6),  and  flO) 
Procedure  under  Section  16. 

As  soon  as  information  of  the  existence  of  a  nuisance  is  received 
(a)  the  Sanitary  Inspector  or  other  officer  (section  19)  forthwith  sends 
intimation  of  the  existence  of  the  nuisance  to  the  author  of  the  same  • 

(6)  if  the  nuisance  is  not  removed,  a  notice  is  then  served  on  the  author 
calling  upon  Inm  to  remove  the  nuisance  withhi  the  tune  specified  in  the  notice 
^d  to  do  such  necessary  works  and  tilings  as  will  remove  the  nuisance  (section 
20).    Certification  of  the  service  of  such  notice  to  be  proved  and  attested  by 
a  witness  (section  159) ;  •'^ 

(c)  if  nuisance  is  not  removed  within  the  time  specified,  or  if  removed  is 
likely  to  recur,  the  Local  Authority  shall  apply  to  the  Sheriff  by  summary 
petition  (sections  21  and  22) ;  ^  '^^^umciy 

(d)  the  Sheriff  then  orders  the  petition  to  be  served  on  the  author  of  the 
nmsance,  or,  faihng  him,  on  the  owner  or  occupier  of  the  premises  in  which 
the  nmsance  exists,  and  appoints  a  day  for  answers  to  be  lodged  or  for  hearmg 
parties  (section  154) ;  *  xicu,j.iiig 

(e)  the  Sheriff,  on  considering  answers,  or  on  hearmg  parties,  or  if  the 
defendant  fail  to  appear,  may  at  once  decern  (section  154) ;  or  he  may  remit 
to  a  man  of  skill  to  report,  and  may  decern  on  said  report ;  or,  if  either  party 
desire  It,  he  may  allow  a  proof  (section  154).  No  written  pleadmgs  are  allowed. 
The  Sheriff,  m  ca.es  under  the  sub-sections  (9),  (10),  and  (11)  of  section  16, 
mast  take  notes  of  the  evidence  as  in  civil  proofs  (section  165)  ; 

(/)  if  the  Sheriff  finds  the  avennents  proved,  he  sliall  order  removal  of  the 
niusance  specifymg  such  worfe  to  bo  done  as  he  may  deem  necessary,  whicli 
need  not  be  confaned  or  hmited  to  any  special  remedy  asked  for  m  the  petition 
(section-s  22  and  23) ;  or,  if  he  considers  that  the  nmsance  is  Ukoly  to  recm-  he 
may  also  grant  interdict;  or,  should  structural  works  be  reqmVed.  lie  may 
du:ect  these  to  be  carried  out  under  direction  of  a  person  whom  he  shall  appoint 
and  name  and  may  reqmre  the  Local  Authority  to  furnish  him  with  an  estimate 
oi  the  cost  (section  25) ; 

{{/)  if  the  Sheriff  finds  that  the  nuisance  aro.se  from  the  wilful  fault  or  culp- 


1  Report  of  L.  G.  Board,  1882,  App.  p.  7. 
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able  negligonco  of  either  owner  or  occupier  of  the  premises,  lie  niay  impose  a 
fine  not  exceeding  £5  ; 

(h)  if  the  defender  fails  to  implement  the  decree,  or  should  infringe  the 
interchct,  he  becomes  hable  to  penalties  (section  24),  and  the  Local  Authority 
may  apply  for  a  warrant  to  have  the  nuisance  removed  at  defender's  expeniie 
(section  20)  ; 

(i)  when  the  author  of  the  nuisance  is  not  Imown,  or  cannot  be  found,  the 
Sheriff  has  power  to  ordain  tlio  Local  Authority  to  execute  the  necessary  works 
(section  26)  ; 

(/)  the  judgment  of  the  Sherifl  shall  bo  final  (section  157),  except  in  cases 
under  sub-sections  (0),  (10),  and  (11),  when  certified  in  terms  of  section  15G,  in 
which  case  appeal  to  the  Lord-Ordinary  is  allowable. 

As  has  ah-eady  been  pointed  out,  the  Public  Health  (Scotland)  Act,  1897, 
section  17,  makes  it  obhgatory  on  Local  Authorities  to  cause  inspection  of  their 
districts  to  be  made  from  time  to  time  for  the  pm-pose  of  enforcing  the  removal 
of  nmsances  when  found,  and  otherwise  to  put  in  force  the  powers  vested  in 
them  relating  to  pubUc  health,  so  as  to  seciu'e  the  proper  seuiitary  condition 
of  all  premises  witliin  their  districts. 

t 

Law  as  to  Offensive  Trades 

The  Public  Health  (Scotland)  Act,  1897,  sections  32  to  37  mclusive,  deals 

with  offensive  trades. 

The  trades  mentioned  in  section  32  are  as  follow  : — 

1.  Blood  boiler. 

2.  Bone  boiler. 

3.  Manm-e  manufacturer. 

4.  Soap  boiler. 

5.  Tallow  melter. 

6.  Knacker. 

7.  Tarmer. 

8.  Tripe  boiler. 

9.  Gut  or  tripe  cleaner. 

10.  Skinner  or  hide-factor. 

11.  Slaughterer  of  cattle  or  horses. 

12.  Or,  any  other  business  which  the  Local  Authority  may  declare  by  order 
confu-med  by  the  Local  Government  Board  and  pubUslied  in  the  Edinburgh 
Gazette  to  be  an  offensive  business. 

The  provisions  contaiaed  in  the  above-named  sections  may  be  paraplorased 
as  follows : — 

If  any  person,  without  the  sanction  of  the  Local  Authority,  establishes  the 
fore-mentioned  businesses,  or  any  of  them,  he  shall  be  hable  to  a  fine  not  ex- 
ceeding £50,  and  any  person  carrying  on  the  same  after  coiaviction  of  that 
offence,  to  a  penalty  not  exceeding  £25  for  every  day  during  wliich  he  so  carries 
on  the  same.  The  Local  Authority  are  to  give  their  sanction  by  order.  But 
fourteen  days  at  least  before  doing  so,  the  Local  Authority  shall  make  public 
the  appUcation  by  advertisement  in  one  or  more  local  newspapers  or  by  posting 
handbills  in  the  locahty,  setting  forth  a  time  and  place  at  which  they  should 
be  wilhng  to  hear  all  persons  objecting,  shall  consider  such  objections,  and 
shall  grant  or  withhold  their  sanction  as  they  shall  think  it  expechent.  When 
the  Local  Authority  grant  or  withhold  such  sanction,  any  person  aggrieved 
may  appeal  to  the  Local  Government  Board,  whose  decision  shall  be  final ;  but 
in  a  district  other  than  a  burgh,  the  appeal  to  the  Board  shall  only  arise  after 
the  County  Council  has  given  its  determmation  on  the  matter,  and  a  Local 
Authority  may  appeal  to  the  Board  against  the  determination  of  the  Coimty 
Council. 

A  Local  Authority  may  make  bye-laws  for  regulating  the  conduct  of  any 
businesses  within  the  meaning  of  tliis  section  (32)  and  of  section  37  of  tliis  Act, 
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whioli  aro  for  the  time  being  lawfully  carried  on  in  their  district,  and  the 
structure  of  the  premises  of  such  businesses  in  order  to  prevent  or  diminish 
the  noxious  or  injurious  effect  thereof,  and  the  mode  in  which  applications  for 
sanction  are  to  be  made.  Any  such  bye-law  may,  in  addition  to  any  pecimiary 
penalty  imposed  therein,  empower  a  Sheriff  by  summary  order  to  deprive  any 
person,  eitlier  temporarily  or  permanently,  of  the  right  of  carrying  on  any 
business  to  which  the  bye-law  relates,  as  a  punishment  for  infringing  the  same. 
Disobedience  to  such  order  shall  involve  a  penalty  not  exceeding  £25  for  every 
day  during  which  the  disobedience  shall  continue.  The  decisioji  of  the  Sheriff 
may  be  appealed  to  the  Loi'd-Ordinary  (section  156). 

For  any  order  by  a  Local  Authority  to  establish  any  such  offensive  business 
a  fee,  not  exceeding  forty  shillings,  as  the  Local  Authority  may  fix,  shall  be 
charged. 

For  the  purposes  of  this  section,  a  business  shall  be  deemed  to  be  established 
after  the  commencement  of  this  Act,  not  only  if  it  is  estabhshed  newly,  but  also 
if  it  is  removed  from  any  one  set  of  premises  to  any  other  premises,  or  if  it  is 
renewed  on  the  same  set  of  premises  after  having  been  discontinued  for  twelve 
months  or  more,  or  if  any  premises  are  enlarged  without  the  sanction  of  the 
Local  AuthoritJ^  But  a  business  shall  not  be  deemed  to  be  established  anew 
on  any  premises  by  reason  only  of  any  change  of  ownership  or  occupancy  of 
such  premises,  or  that  the  building  has  been  wholly  or  partially  pulled  down 
o  -  burnod  down  and  has  been  reconstructed  without  any  extension  of  area. 
Licensing  of  Slaughter-houses. 

Any  person  carrying  on  the  business  of  a  slaughterer  of  cattle  or  horses,  or  of 
a  knacker,  shall  not  use  any  premises  for  that  purpose  without  a  license  from 
the  Local  Authority,  imder  a  penalty  of  not  more  than  £5.    The  fact  that  cattle 
or  horses  have  been  taken  into  imlicensed  premises  shall  be  prima  facie  evidence 
that  an  offence  under  this  section  (section  33)  has  been  committed.  Every 
such  licence  shall  expire  on  such  day  in  every,  year  as  the  Local  Authority  shall 
fix,  and  no  matter  at  what  intermediate  time  of  year  aiiy  such  licence  is  so 
granted  it  shall  expire  on  such  appointed  day,  which  secondly  follows  the  date 
of  grant  ;  thus  a  licence  granted  in  January  1911  will  remain  in  force  imtil  bhe 
day  appointed  in  1912,  and  not  that  in  1911.    A  fee  of  not  more  than  5s. 
may  be  charged  for  such  licence  or  renewal  of  the  same.    Not  less  than  twenty- 
one  days  before  any  new  licence  for  any  new  premises  is  granted,  notice  of  the 
intention  to  apply  for  it  shall  be  advertised  as  is  provided  for  in  section  32  (2), 
by  the  Local  Authority,  and  any  person  interested  may  show  cause  against  such 
grant  or  renewal.    Any  objection  shall  not  be  entertained  unless  seven  days' 
previous  notice  of  the  same  has  been  served  on  the  applicant,  with  the  excep- 
tion that  where  an  objection  has  been  made  of  which  notice  has  not  been  given, 
the  Local  Authority,  if  they  think  fit,  may  direct  notice  thereof  to  be  served  on 
the  applicant,  and  may  adjourn  the  question  of  renewal  to  a  future  day  and 
require  the  attendance  of  the  apphcant  on  that  day,  and  then  hear  the  case  and 
consider  the  objection  as  if  such  notice  had  been  duly  given.    A  licence  shall 
be  deemed  to  be  renewed  when  a  further  hcence  is  granted  in  immediate 
succession  to  a  prior  licence  for  the  same  premises. 

The  Local  Authority  shall  have  the  right  to  enter  any  slaughter-house  or 
knacker's  yard  at  any  hour  by  day,  or  at  any  hour  while  business  is  going  on, 
for  tlie  purpose  of  examining  whether  or  not  there  is  any  contravention  of  the 
Act  or  of  any  bye-law. 

Whore  a  person  carrying  on  a  slaughterer's  or  knacker's  business  has  been 
refused  a  renewal  of  licence,  .such  person  may  appeal  to  the  Local  Government 
Board,  and  the  decision  of  the  Board  shall  be  final,  but  in  the  case  of  a  district 
other  than  a  burgh,  the  appeal  shall  only  arise  after  the  County  Council  has 
determined  the  question,  and  a  Local  Authority  may  appeal  against  a  deter- 
mination of  a  County  Council.    (Section  33.) 

The  expression  "  slaughterer  of  cattle  or  horses  "  means  a  person  whose 
business  it  is  to  kill  any  description  of  the  cattle  or  horse  kind  for  tlio  purpose 
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of  the  flesh  being  used  as  butelier'8  moat ;  the  expression  "  alaughter-houae," 
any  building  or  plaoo  used  for  such  business  ;  tlio  cxpressioii  "  knacker " 
a  person  whose  business  it  is  to  l<i]i  auy  animal  of  the  cattle  or  horse  kind 
not  killed  for  the  purpose  of  the  flesh  being  used  as  butcher's  meat ;  and  the 
expression  "  knacker's  yard,"  any  building  or  place  used  for  such  business 
(Section  3.) 

A  Local  Authority  of  any  district  other  than  a  burgh  may  prov-ide,  establish, 
unprove,  or  extend  and  maintain  within  or  without  their  district,  and  two  or 
more  Local  Authorities  may  combine  so  to  do,  fit  shambles  or  slaughter-houses 
for  the  purpose  of  slaughtering  cattle,  and  may  borrow  moneys  for  that  purptjse 
(Section  34.) 

Upon  receipt  of  a  certificate  of  the  Medical  Officer  of  Health,  or  a  repre- 
sentation of  a  Parish  Council,  or  a  requisition  in  writing  by  ten  ratepayers 
within  their  district,  to  the  effect  that  any  trade,  basiness,  etc.,  carried  on  in 
any  building  and  causing  effluvia,  is  a  nuisance  or  injurious  or  dangerous  to 
the  health  of  any  of  the  inhabitants  of  the  district,  a  Local  Authority  may,  if 
they  tliink  proper,  and  if  required  by  the  L.  G.  Board  shall,  apply  to  the 
Sheriff  by  summary  peti  tion,  and,  if  it  appear  to  such  Sheriff  that  such  trade, 
etc.,  is  causing  a  nmsanee  or  any  effluvia  wliich  is  a  nuisance  or  injurious  or 
dangerous  to  the  health  of  those  in  the  district,  then,  unless  it  is  shown  that  the 
best  practicable  means  have  been  used  for  removing,  or  preventing,  or  coimter- 
acting  tlie  effluvia,  the  author  of  the  nuisance,  failing  him  the  occupier,  and 
failing  him  the  owner  of  the  premises,  shall  be  Uable  to  a  penalty  of  not  more 
than  £50  ;  provided  that  the  Court  may  suspend  judgment  on  condition  that 
tlae  offender  undertakes,  within  a  reasonable  time,  to  adopt  means  for  remov- 
ing the  nuisance,  or  mitigating  or  preventing  the  injurious  or  dangerous  effects 
of  the  effluvia. 

Tlae  Local  Authority  may  cause  proceedings  to  be  taken  in  the  Court  of 
Session. 

The  Local  Authority  under  this  section  (section  36)  may  take  proceedings 
in  respect  of  any  manufactory  or  premises  situated  without  their  district,  the 
proceedings  to  be  taken  before  the  Sheriff  of  the  district  within  which  such 
manufactory,  etc.,  is  situated. 

The  following  are  the  bye-laws  enacted  within  the  city  of  Glasgow,  in  terms 
of  section  32  (3),  with  respect  to  the  business  of  manure  manufacturer. '  Al- 
though similar  bye -laws  have  been  made  for  each  of  tlae  other  offensive  trades 
named  in  that  section  (1),  witla  the  necessary  changes  consequent  upon  tlie 
differences  in  the  business,  those  now  to  be  given  may  be  taken  as  an  example 
of  such  bye-laws. 

Public  Health  (Scotland)  Act,  1897 

The  Corporation  of  the  City  of  Glasgow,  being  the  Local  Authority  of  the 
said  city  amder  the  Public  Health  (Scotland)  Act,  1897,  and  having,  mider  section 
14  of  the  said  Act,  appointed  the  Committee  on  Health,  beiiag,  as  provided  for 
m  said  Act,  a  Committee  of  their  own  body,  to  receive  and  issue  notices,  to  take 
proceedings,  and  in  all  respects  to  execute  Part  II.  of  said  Act,  excepting 
sections  38,  39,  and  41  of  said  Part  II.,  the  said  Conaiaaittee  hereby  make  the 
following  bye-laws  vmder  section  32  (3)  for  regulating  (1)  the  conduct  of  the 
following  business  ;  (2)  the  structure  of  the  premises  in  wlaich  any  such  busi- 
ness IS  being  carried  on,  in  order  to  prevent  or  dijaaiioish  the  noxious  or  injurious 
effect  thereof ;  and  (3)  the  application  to  be  made  to  the  said  Committee  for 
sanction  for  carrying  on  such  business  : — 


BYE-LAWS  FOR  THE  BUSINESS  OF  MANURE  MANUFACTURER 

I- — The  Conduct  of  the  Business 

difrinB^r™-"'"      ^'  ^^^^'^  mamu-e  manufacturer  shall  cause  all  material,  manufactured 
gs  orage.    product,  residue,  refuse,  or  other  matter  used  on  or  in  connection  with  the 
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premises  where  his  business  is  carried  on,  from  which  any  offensive  effluvium, 
vapoiu-,  or  gas  mtiy  be  evolved,  to  be  received  or  stored  in  rooms,  chambers, 
or  places  constructed  in  such  a  mamier  as  to  prevent  any  such  effluvium, 
vapom-,  or  gas  escaping  into  the  external  air. 

2.  Every  manure  manufacturer  shall  cause  every  process  of  his  business  in  Offensive  effluvia 
which  any  oiTensive  effluvium,  vapour,  or  gas  is  generated  to  be  carried  on  in  during  manu- 
such  manner  that  no  offensive  effluviima,  vapom-,  or  gas  shall  escape  into  the 

external  air  ;  and  he  shall  cause  all  such  offensive  effluvium,  vapour,  or  gas  to 
bo  effectually  destroyed. 

3.  Every  manure  manufacturer  shall  cause  the  floors,  walls,  and  ceilings  cleanliness  of 
of  premises  in  which  liis  business  is  carried  on  to  be  kept  thoroughly  clean  and  floors,  walls,  etc. 
in  good  repair.    He  shall  cause  all  the  floors  (except  those  of  the  pacldng- 

rooms  and  offices)  to  be  thoroughly  cleansed  and  flushed  with  water  at  least 
once  in  each  twenty-four  hours,  and  shall  cause  every  internal  wall  or  part  of  a 
wall  wliich  is  not  perfectly  smooth  and  hard  on  the  surface,  and  every  ceiling, 
to  be  washed  with  hot  lime  in  each  of  the  months  of  January,  April,  July,  and 
October  in  each  year. 

4.  Every  manm-e  manufacturer  shall  cause  every  vehicle,  vessel,  utensil,  utensils, 
or  instrument  provided  or  xased  in  connection  with  his  business  to  be  kept 
thoroughly  clean. 

5.  Every  manure  manufactiu-er  who  grinds  and  mixes  mamu-e  by  machin-  Grinding  or  mix- 
ery  shall,  in  the  apartment  where  this  work  is  carried  on,  provide  for  mechanical  ing  rooms  to  be 
or  other  means  of  ventilation  to  the  satisfaction  of  the  Local  Authority.  ventilated. 

6.  Every  manm-e  manufacturer  shall  cause  the  drains  in  connection  with  Drainage. 
Ms  premises  to  be  thoroughly  flushed  out  with  water  when  necessary,  or  at  any 

time  if  required  by  the  Local  Authority  or  their  officers.  He  shall  also  cause  to 
be  emptied  at  such  times  as  the  nature  of  his  business  demands,  or  as  the 
Local  Authority  may  require,  any  cesspool  or  catchpit  provided  in  terms  of 
No.  9a  of  these  bye-laws. 

7.  Every  manure  manufacturer  shall  arrange  that  all  refuse  matter  is  Refuse  removal, 
removed  every  twenty-four  hours  by  the  Cleansing  Department,  or  shall  cause 

it  to  be  otherwise  so  disposed  of  as  not  to  create  a  nuisance. 

8.  Every  mamu-e  manufacturer  shall  afford  free  access  to  every  part  of  his  Access 
premises  to  the  Medical  Officer  of  Health,  the  Sanitary  Inspector,  or  any  assist- 
ant bearing  an  official  warrant  card,  at  any  time  during  the  hoxu-s  within  which 

the  business  is  being  carried  on. 

II. — The  STBtrcrcTRE  op  Pbemises 

9.  Every  mamire  manufacturer  shall  cause  the  walls  of  every  building  walls  and  floors 
withm  which  any  part  of  his  business  is  carried  on  to  be  built  with  stone, 

brick,  or  other  equally  solid  and  impervious  material,  and  shall  cavise  every  floor 
therein  (except  those  of  the  packing-room  and  offices)  to  be  properly  covered 
with  asphalte,  concrete,  or  other  suitable  impervious  and  jointless  material, 
which  in  the  case  of  the  ground-floor  shall  be  laid  on  a  suitable  bottom  of  at 
least  six  inches  in  tluckness,  and  shall  have  a  proper  slope  towards  a  channel 
or  gully  leading  to  the  drainage  system  required  by  bye-law  6  hereof.  All  the 
walls,  but  those  in  the  rooms  above  excepted,  shall  be  faced  inside  to  a  height 
of  at  least  six  feet  from  the  floors  with  tiles,  glazed  bricks,  or  other  equally 
hard,  smooth,  and  impervious  material. 

9a  Every  manure  manufacturer  shall  cause  all  parts  of  his  premises  to  be  Cesspool, 
suitably  drained,  and  shall  connect  the  drains  thereof  with  a  common  sewer, 
and  shall,  if  required  by  the  Local  Authority,  provide  a  cesspool  so  situated  and 
constructed  as  to  prevent  solid  matter  finding  access  to  the  sewer,  and  so 
ventilated  that  offensive  effluvia  therefrom  shall  not  escape  so'  as  to  cause  a 
nuisance. 

10.  Every  manure  manufacturer  shall,  when  required  by  the  Local  Authority,  Paving  yards 
cause  the  yards,  courts,  or  areas,  or  any  part  thereof  within  the  premises,  to  be 
properly  bottomed  to  a  depth  of  at  least  six  inches  with  concrete  or  other  solid 
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Chimney-stalk. 


Eniuvium  from 
premises. 


Eflluvium  from 
apparatus. 


Water-supply. 


Repairs  and 
alterations. 


and  sub.stantml  nmtenal,  and  tliereafter  paved  with  such  jointleHs  and  irnner 
vious  matona  as  aspluxlto  or  concroto,  or  with  gi-anite  or  wlun  sett,  grouted 
with  cement,  liavmg  proper  gradients  towards  a  channel  or  gullv  to  run  off 
hqiiid  matter  to  a  suitable  co.sspool.  j'l'uiujioii 
11.  Every  mamu-o  manufacturer  .shall  cause  the  premises  to  be  provided  with 
a  chnnney-stalk  of  such  height  and  area  in  cross  section  as  the  Ca  Author 
ity  may  require.  ^uLnnr 

nl«n!f  wvT^  "^""k""^  manufacturer  shall  cause  every  room,  chamber,  or  other 
place  which  may  be  used  on  or  m  connection  with  the  premi.ses  where  his  hZ- 
ness  IS  carried  on  for  the  purpose  of  receiving,  treating,  or  storing  any  mater^ 

sive  effluvium,  vapom-,  or  gas  may  be  evolved,  to  be  furnished  with  suitable 
appliances,  so  constructed  and  used  as  to  effectually  prevent  any  such  ieam 
effluviiim  vapour,  or  gas  from  escaping  into  the  external  air,  and  shall  caTe 
all  such  steam,  effluvium,  vapour,  or  gas  to  be  destroyed 

13.  Every  manm'e  manufacturer  shall  provide  liis  boilers,  digesters  con- 
densers, or  other  apparatus  in  which  any  steam,  offensive  efrfuvium  vapX 
or  gas  may  be  generated,  with  suitable  appliances  for  conveying  said  steam 
effluvium,  vapour,  or  gas  towards  a  fvmiace  or  a  eondeasing  tower,  or  toS 

:ff:r:snit~'  "^^^  ^     °^    ^'^-^  ^^^^^^  -  ^ 

sunilt  oiZ'.r  i^^^^^^°*^er  shall  provide  his  premises  with  a  plentiful 

Sority!^  convement  places,  and  wherever  required  by  the  Local 

prei'se?7o'^beXr  -^^^^       needful  repairs  to  the 

premises  to  be  forthwith  done  and  executed  as  and  when  the  same  shall 
become  reqmsxte,  and  shall  cause  such  works  and  alterations  to  made 
ruthority"""''''       "'"'"^       "'"^''^'^  ^^'^  ^^^"^^'i  necessary  by  the  Local 


Plans  to 

accompany 

application. 


III.— Application  fob  Sanction  to  carry  on  such  Business 

maiL^^ZCr""  ""^^  ,f      ""PP^-^  *°  ^^"-y  °^  *h«  business  of 

manure  mam^actiu-er  shall  prepare  and  submit  with  liis  application-(l)  a 

tL  nroSs.nn  ^      premises  m  which  he  proposes  to  carry  on  the  same,  showing 

lusiJess  anJfr?!.''  7  ^""^"""^  *°  ''''        P^°P«^  ^°^duct  of  such 

(oTa  surv^v  1  n  *he  drainage  ventilation,  and  water-supply  of  such  premises  ; 

houses^thin^r  °,  ^^'^  buildings,  and  hxhabited 

of  not  l^s  '  f  ^"""^  °f  ^''^  P^°PO««d  premises,  dra.,Ti  to  a  scale 
ness  trade  r  ''''  T^!"  *°  '        ^  ^^^^^^^  explanation  of  the  basi- 

cess;s  Tnd  thI  "^^T^f        *°  be  carried  on,  and  of  the  raw  materials,  pro- 
oHhe'  r^il  P^^'i'^^'^V^"""^  '        ^  description,  with  drawings,  if  necessarv. 
vaDour    r^fl  ^^P?'"?  *°       ''^°P*^^  *°  P'^^^^^  '^"i^^'ic^  «-rising  from  (a) 
IndTrkii  f         ^^^^'^'^^•g^d         sewers,  and  (c)  the  cUsposal  of  solid  refuse 
and  (5)  any  further  plans  which  may  be  required  by  the  Local  Authority. 


Penalty  for 
infringement  of 
Bye- laws. 


Deprivation  of 
license. 


rV. — Penalties 

shall^be^mfiKr"''  "^i"  ^"^P^-^  °f  *be  foregoing  bve-laws 

not  excee^r^^/«         ^^T^'  be  liable  for  such  offence  to  a  penaltv 

?o  a  Wli^^  °l  ^'^'^  P"^'^'^^'  *be  case  of  a  continuing  offence, 

notice  of  Si  penalty  not  exceeding  forty  shillings  for  eacli  day  after  uTitten 
notice  of  the  offence  from  the  Local  Authority. 

or  nonaHiW  "^''^"f, "manufacturer  may,  in  addition  to  incurring  the  penaltv 
Sheriff  /wV  Tr'""^.  foregomg  bye-la^vs,  be,  by  siunmary  order  of  the 

onerm  (which  he  is  hereby  empowered  to  issue),  deprived,  either  tomporarilv 
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or  pennanently,  of  the  riglit  of  carrying  on  liis  business,  and  any  manure  manu- 
tacturer  disobeying  such  order  shall  be  liable  to  a  penalty  not  exceeding 
twonty-five  pounds  for  every  day  during  which  such  dis(5bodienco  continues  • 
provided  always,  that  the  decision  of  the  Sheriff  shall  be  appealable  to  the  Lord- 
Ordinary  on  the  BilLs,  in  the  manner  provided  by  section  15()  of  the  Public 
Health  (Scotland)  Act,  1897. 

Signed,  mider  the  Common  Seal,  by  us,  two  members,  and  the  clerk  to  the 
said  Committee,  on  behalf  of,  and  as  authorised  by,  the  said  Committee,  at 
Glasgow,  the  18th  day  of  January,  1899. 

{Here  follow  signatures) 

Edinburgh,  I2th  December  1899.-Confirmed  by  the  Local  Government 
Board  for  Scotland. 


Bye-Laws 

According  to  Lumley  "  a  bye-law  is  a  law  made  with  due  legal  obliga- 
tion by  some  authority  less  than  the  Sovereign  and  Parliament  in  re- 
spect of  a  matter  especially  or  impliedly  referred  to  that  authority  and 
not  provided  for  by  the  general  law  of  the  land. " 

A  bye-law  ought  to  be  (1)  certain  in  its  enactments,  free  from  ambiguity 
m  language  and  meaning,  and  able  to  give  complete  direction  to  those 
who  are  to  obey  it;  (2)  general  in  its  application;  (3)  reasonable  in 
fulfilnierit  ]  (4)  posttive  tn  its  terms  ;  (5)  prescribe  a  definite  penalty  for 
breach,  of  it,  as  sanctioned  by  authority ;  (6)  must  not  be  ultra  vires  ;  that 
IS,  must  be  made  m  respect  of  a  matter  competent  to  the  authority  of 
the  body  enacting  it,  and  operative  upon  persons  within  the  jurisdiction 
01  the  enacting  authority. 

The  Scottish  Local  Government  Board  recommend  i  that  bye-laws 
should  be  strictly  limited  by  the  terms  of  the  statute  from  which  their 
authority  is  derived,  the  precise  terms  of  the  statute  authorising  them 
should  be  quoted,  and  where  a  section  of  a  statute,  authorising  bye-laws 
tor  any  purpose,  specifies  in  detail  the  matter  with  which  they  have  to 
deal,  the  bye-laws  should  be  grouped  under  the  corresponding  sub- 
division of  the  section,  and  the  words  of  the  section  should  be  quoted  as  to 
headmg  to  each  group  ;  thus  Under  section  72  and  section  181  of  the 
Public  Health  (Scotland)  Act,  1897,  the  bye-laws  should  be  grouped 
under  the  various  sub-heads  (a)  (6),  (c),  of  these  sections,  and  the 
statutory  words  relating  to  these  sub-heads  should  form  the  headings 
of  the  different  groups  So,  in  like  manner,  should  bye-laws  be  made 
under  section  32  (3),  thus  : 

(a)  The  conduct  of  the  business  1   ^"^^^^      limitation  "  in  order 
(ofiensive  businesses).  I    ■  *°  prevent  or  diminish  the 

(6)  The  structure  of  the  premises  |  noxious  or  injurious  effect 
/  \  rri,        1     r  J  thereof." 

(c)  Ihe  mode  of  application  for  sanction  to  Local  Authority 

with  a^Umitation^'  ^''"''''P^^     definitely  enumerated  purposes 

1903.^p.''n.  (Scotland)    Act,   1897.     Instructions,    Forms,  etc., 
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Bye-laws  as  to  pig-styes. 


(1)  The   construction   of  pig- 


styes. 


Under  the  limitation  "  so  as  to 
prevent  them  from  becoming 
a  nuisance  or  dangerous  to 
public  health." 


(2)  Places  in  which  they  may  be 


erected. 


(3)  Mode  of  cleansing  at  proper 


intervals.  J 
In  framing  bye-laws  under  section  181,  sub-section  (1)  (e)  the  various 
matters  therein  mentioned  should  be  dealt  with  separately,  and  the 
terminology  and  order  of  the  words  of  the  statute  should  be  observed. 
Provisions  as  to  Buildings. — Bye-laws  for — 

(a)  Construction  of  drains  and  arrangement  of  drainage  of  houses 
and  buildings ; 

(&)  Construction  and  arrangement  of  soil-pipes  and  waste-pipes ; 

(c)  Construction  and  position  of  water-closets,  earth-closets,  pri\nes, 

ash-pits,  cesspools,  dungsteads,  slop-sinks,  and  rain-water  pipes 
and  rhones ; 

(d)  Structure  of  walls,  foundations,  roofs,  and  chimneys,  "  so  jar 

as  likely  to  affect  human  health  "  ; 

(e)  Sufficiency  of  space  about  buildings,  "  to  ensure  a  free  circulation 

of  air  " ; 

(/)  Ventilation  of  houses  and  buildings  ; 

(g)  Production  and  inspection  of  suitable  building-plans ; 

{h)  Intimation  to  Local  Authority  previous  to  commencement  of 
work,  for  inspection  of  work  in  process  of  erection  or  alteration, 
for  examination  of  drains,  and  for  the  pulling  down,  alteration, 
or  amendment  of  any  work  carried,  out  in  contravention  of  the 
bye-laws. 

Authentication  of  Bye-laws.— All  bye-laws  made  by  a  Local  Author- 
ity under  and  for  the  purposes  of  the  Pubhc  Health  (Scotland)  Act  shall 
be  under  their  common  seal,  or  if  they  have  no  common  seal,  shall  be 
signed  by  two  members  and  the  clerk  of  such  Authority.  Any  such  bye-law 
may  be  altered  or  repealed  by  a  subsequent  bye-law  duly  made.  But  no 
bye-law  under  the  Act  by  any  Local  Authority  shall  be  of  any  effect  if 
repugnant  to  the  law  of  Scotland  or  to  the  provisions  of  the  Act.  (Section 
183,  P.  H.  (Scotland)  Act,  1897  ;  Section  182,  Public  Health  Act,  1875.) 

A  Local  Authority  may,  by  any  bye-laws  made  by  them,  impose  on 
offenders  against  such  bye-laws  such  reasonable  penalties  as  they  think 
fit,  but  never  to  exceed  £5,  and  in  the  case  of  a  continuing  offence,  a 
further  penalty  not  more  than  40s.  for  each  day  after  written  notice  of 
the  offence  from  the  Local  Authority  ;  but  all  such  bye-laws  imposing 
any  penalty  shall  be  so  framed  as  to  allow  of  the  recovery  of  any  sum 
less  than  the  full  penalty,  and  in  no  case  shall  greater  penalties  than 
those  named  be  imposed.  (Section  184,  P.  H.  (Scot.)  Act,  1879  ;  Section 
183,  P.  H.  Act,  1875.)  v       ;      ,  , 

Confirmation  of  Bye-laws.— Bye-laws  made  by  a  Local  Authority 
shall  not  take  effect  unless  and  until  they  have  been  submitted  to  and 
confirmed  by  the  Local  Grovernment  Board,  who  are  empowered  to  allow, 
modify,  or  disallow  the  same  as  the  Board  may  think  proper.  Nor  shall 
any  such  bye-laws  be  confirmed— unless  notice  of  intimation  to  apply 
for  confirmation  of  the  same  has  been  given  in  one  or  more  local  news- 
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papers  circulated  within,  or  by  handbills  posted  throughout  the  district 
to  which  such  bye-laws  relate,  one  month  at  least  before  the  application 
IS  made  ;  and  unless  for  one  month  at  least  before  the  application  is 
considered,  a  copy  of  the  proposed  bye-laws  has  been  kept  in  the  office 
1  ^^^^^'^^^  Authority,  and,  in  the  case  of  districts  other  than  burghs  at 
the  office  of  the  Parish  Council  of  every  parish  to  which  such  bye-laws 
relate,  and  has  been  open  during  office  hours  thereat  to  the  inspection 
of  the  ratepayers  of  the  district  without  fee  or  reward.  Any  person 
aggrieved  by  any  proposed  new  bye-law  or  by  any  proposed  alteration 
ot  any  existing  bye-law  may  within  that  month  forward  notice  of  his 
objection  to  the  Board,  who  shall  consider  the  same  before  granting 
confirmation.  If  any  such  ratepayer  applies,  the  clerk  of  the  Local 
Authority  shall  furnish  him  with  a  copy  of  such  proposed  bye-laws  or 
any  part  of  the  same  on  payment  of  sixpence  for  every  hundred  words 
contained  m  such  copy. 

A.  bye-law  when  confirmed  by  the  Local  Government  Board  shall  not 
require  confirmation,  allowance,  or  approval  of  any  other  authority. 
(Section  180,  P.  H.  (Scot.)  Act,  1897  ;  Section  184,  P.  H.  Act,  1875  ) 

Printing  of  Bye-laws.— All  bye-laws  made  by  a  Local  Authority  (1) 
shall  be  printed  and  hung  up  in  the  ofiice  of  such  authority  ;  (2)  shall  be 
open  to  inspection  of  any  ratepayer  of  the  district  at  all  reasonable  hours  • 
3)  and  a  copy  thereof  shall  be  delivered  to  any  ratepayer  on  his  applica- 
tion for  the  same.  Where  bye-laws  are  made  by  a  District  Committee 
a  copy  shal  be  sent  to  the  Parish  Council  of  every  parish  to  which  such 
bye-laws  relate,  to  be  deposited  with  the  public  documents  of  the  parish 
and  to  be  open  to  inspection,  and  to  be  delivered  as  above.  (Section  186' 
P.  H.  (Scot.)  Act,  1897  ;  Section  185,  P.  H.  Act,  1875  ) 

Evidence  of  Bye-laws.-A  duly  signed  and  certified  copy  of  any 
bye-laws  made  m  pursuance  of  this  Act  shall  be  evidence,  until  the 
contrary  is  proved,  in  all  legal  proceedings  of  the  due  making,  con- 
firmation and  existence  of  such  bye-laws  without  further  or  other  proof 
(Section  187,  P.  H.  (Scot.)  Act,  1897  ;  Section  186,  P.  H.  Act  1875  ) 

Provision  as  to  the  Regulations  of  Local  Authority —The 
provisions  of  this  Act  relating  to  bye-laws  shall  not  apply  to  any 
regulations  which  a  Local  Authority  is  by  this  Act  authorised  to  make  • 
nevertheless  any  Local  Authority  may  cause  any  regulations  made  by 
them  under  this  Act  to  be  published  in  such  manner  as  they  see  fit. 
(Section  188,  P.  H.  (Scot.)  Act,  1897 ;  Section  188,  P.  H.  Act  1875  ; 

A  Local  Authority  under  the  P.  H.  (Scot.)  Act,  1897,  is  empowered  to 
make  such  regulations  with  reference  to  the  following  matters  -—(a) 
duties  of  medical  officers  and  sanitary  inspector  and  their  relations  to 
each  other  (section  15)  ;  (6)  respecting  information  as  to  nuisances  by 
]^ollce  constables  or  officers  (section  19)  ;  (c)  management  of  mortuaries 
(section  70) ;  and  {d)  communications  between  drains  and  sewers. 

Bye-laws  which  may  be  made  by  Local  Authorities 

I.  County  Council.-"  For  the  prevention  and  suppression  of  nuis- 
ances not  already  punishable  in  a  summary  manner  by  virtue  of  any 
Act  in  force  throughout  the  county."  (Local  Gov.  (Scot.)  Act,  1889, 
section  v7.) 
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II.  Burgh  Commissioners. — For  enforcing  provisions  of  Bcctions 
107-126  with  reference  to  cleansing.  (Burgh  Police  (Scot.)  Act,  1892, 
Section  127.) 

For  regulating  all  matters  connected  with  water  supplied  within  the 
burgh  through  their  pipes.    {Ibid.,  Section  268.) 

For  licensing,  registering,  regulation  and  inspection  of  slaughter- 
houses, preventing  cruelty  therein,  and  for  keeping  the  same  in  a  cleanly 
and  proper  state.    {Ibid.,  Section  281.) 

1.  For  General  Purposes.    {Ibid.,  Section  316) : 

(a)  Preventing  nuisances  and  annoyances  in  any  street ; 

(6)  Controlling  persons  buying  or  selling  old  clothes ; 

(c)  Preserving  and  regulating  public  bleaching- greens,  public  wash- 
houses,  baths,  gymnasiums,  public  parks  and  open  spaces,  and 
preventing  offences,  nuisances,  and  annoyances  therein ; 

{d)  For  fixing  the  times  of  lighting  and  extinguishing  lights  in 
common  stairs  and  private  courts  and  the  order  or  rotation  in 
which  occupiers  of  houses  or  flats  in  common  stairs,  etc.,  shall 
be  responsible  for  doing  such  duties  ; 

(e)  Regulating  the  beating  and  shaldng  of  carpets,  etc.,  in  streets, 
courts  and  open  spaces  held  in  common,  and  the  hours  within 
which  such  work  may  be  done  ; 

(/)  Regulating  the  fencing,  pulling  down,  clearing  out,  and  securing 
of  ruinous  or  unclaimed  lands  or  heritages ; 

{g)  Regulating  the  driving  of  cattle  through  the  streets,  and  pre- 
scribing through  what  streets  and  at  what  hours  cattle  may 
be  driven; 

{h)  For  the  better  preservation  of  any  common,  links,  bleaching- 
green,  recreation-ground,  open  area  or  space,  or  other  places 
of  public  resort  or  recreation,  regulating  the  use  of  the  same 
and  for  ensuring  good  order  therein ; 

{i)  For  providing  that  drift  logs  of  wood  are  secured  by  the  owners ; 

{j)  For  carrying  out  or  enforcing  any  other  provisions  of  the  Act 
not  herein  specially  mentioned. 

2.  For  Sanitary  Purposes  : 

(a)  For  inspecting  all  places  where  horses  are  killed  and  carrion  is 
kept  or  sold,  keeping  such  places  in  a  cleanly  and  proper  state, 
removing  filth  therefrom,  and  requiring  provision  of  proper 
paving,  drainage,  and  water-supply; 

(6)  For  removing  the  contents  of  ash-pits,  dungsteads,  or  other 
receptacles  of  foul  matters  within  reasonable  periods,  prevent- 
ing foul  water  soaking  from  any  building,  and  preventing  any 
ash-pit,  etc.,  from  being  a  nuisance  or  annoyance ; 

(c)  For  inspection  and  periodical  cleansing  of  cisterns  used  in  common 
by  two  or  more  families  ; 

{d)  Regulating  the  time  and  mode  of  removal  of  any  offensive  matter 
or  thing; 

(e)  Regulating  the  keeping  of  depots  of  bones,  carrion,  rags,  or  any 

other  offensive  matter  or  thing ; 
(/)  Reducing  or  removing  the  noxious  or  injurious  effects  attending 

the  business  of  any  noxious  or  offensive  business,  trade,  or 

manufacture ; 
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{g)  For  providing  that  cattle,  dogs,  and  poultry  shall  not  be  kept  in 
such  places  or  in  such  manner  as  to  be  a  nuisance  or  annoyance 
to  inhabitants,  for  prescribing  the  places  in  which  swine  may 
be  kept,  and  for  prohibiting,  on  cause  shown,  the  keeping  of 
swine ; 

(/(.)  For  requiring  owners  or  occupiers  of  houses  and  buildings  to 
keep  clean  all  places  and  thoroughfares  owned  or  occupied  by 
them,  and  for  paving  private  courts,  common  passages,  and 
conimon  areas  ; 

(i)  For  regulating,  sweeping,  and  cleansing  of  common  stairs ; 
ij)  For  carrying  out  the  provisions  of  sections  238  to  256  (vide  p.  325 

to  p.  328),  both  inclusive. 
III.  Local  Authorities  Generally.— Under  hmitation  of : 

1.  Offensive  Businesses  : 

Bye-laws  for  regulating  {a)  the  conduct  of  any  businesses  within  the  "  in  order  to 
meaning  of  sections  32  and  37  [P.  H.  (Scot.)  Act,  1897],  (b)  the  SSsi°the 
structure  of  the  premises,  and  (c)  the  mode  in  which  application  noxious  or  in- 
for  sanction  to  estabhsh  is  to  be  made  (sub-section  2,  section  ihereof."^^''* 
32), 

N ote. — The  following  are  offensive  btisinesses  within  the  meaning  of  these 
!•  sections  :  Blood-boiler,  bone-boiler,  manure  manufactm-er,  soap-boiler,  tallow- 
i  melter,  knacker,  tanner,  tripe-boiler,  gut-  or  tripe-cleaner,  skinner  or  hide- 
f  factor,  slaughterer  of  cattle  or  horses. 

2.  Pig-Styes.    [P.  H.  (Scot.)  Act,  1897,  sect.  35]  : 

To  regulate  (a)  Construction  of  pig-styes,  (6)  places  in  which  they  may  "  so  as  to  pre- 
be  erected,  and  (c)  mode  of  cleansing  them  at  proper  intervals.  T"* 

3.  Removal  of  House  Refuse  and  Street  Refuse.    [Ibid.,  Sect.  32,  (3)  ;  nuisTcTor 

^Sect.  37,  (1)]  :  dangerous  to  _ 

To  regulate  (1)  the  conduct  of  the  business,  and  (2)  the  structure  of  ^'inordeTto ' 
the  premises  in  which  the  business  is  carried  on.  prevent  the 

4.  Public  Conveyances.  [Ibid.,  Section  65]  :  inSZ^es^l' 
Bye-laws  for  (1)  securing  the  cleanliness  and  sanitary  condition  of 

public  conveyances  plying  within  the  district,  and  (2)  prevent- 
ing overcrowding  in  the  same. 

5.  Mortuaries.    [Ibid.,  Section  68]  : 

Bye-laws  (1)  with  respect  to  the  management,  and  (2)  with  respect 
to  charges  for  the  use  of  such  mortuaries  as  they  may  provide 
and  fit  up. 

6.  — Houses  Let  in  Lodgings.    [Ibid.,  Section  72]  : 
Every  Local  Authority  may,  and  if  required  by  the  L.  G.  Board  shall, 

make  and  enforce  for  the  whole  or  any  part  of  their  district 
such  bye-laws  as  are  requisite  for  the  following  matters — viz. 

(1)  For  fixing  the  number  of  persons  who  i)iay  occupy  a  house  or 
part  of  a  house  which  is  let  in  .  lodgings  or  occupied  by 
members  of  more  than  one  family  ; 

(2)  For  the  registration  of  houses  so  let  or  occupied ; 

(3)  For  the  inspection  of  such  houses ; 

(4)  For  enforcing  sufficient  privy  or  w.c.  accommodation  and  other 
appliances  and  means  of  cleanliness  in  proportion  to  number 
of  lodgers  or  occupiers,  drainage  for  such  houses,  for  promoting 
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cleanliness  and  ventilation  in  such,  houses,  and  for  the  cleansing 
and  ventilation  of  the  common  passages  and  staircases; 

(5)  For  cleansing  and  whitewashing  of  the  premises  at  stated  times  ; 

(6)  For  giving  of  notices  and  the  taking  of  precautions  in  case  of 

any  infectious  disease. 

Note. — Whoro  sucli  bye-laws  iindor  section  72  are  to  apply  only  to  a  part  oj 
a  district,  it  will  bo  nocessaiy  to  specify,  either  in  the  bye-laws  themselves  or  in 
the  advertisement  required  by  section  185,  the  part  of  the  district  to  wliich  they 
are  confined. 

7.  Tents  and  Vans  used  for  Human  Habitation.  [Ibid.,  Section 
73,(2)]: 

(1)  For  promoting, cleanliness  in,  and  habitable  condition  of  tents, 

vans,  sheds,  and  similar  structm-es  used  for  human  habitation ; 

(2)  For  preventing  spread  of  infectious  diseases  by  persons  inhabiting 

the  same ;  and 

(3)  For  preventing  nuisances  in  connection  with  the  same. 

8.  Common  Lodging -Houses.   [Ibid.,  Section  92.]    For — 

(1)  The  keeping  and  well- ordering  of  such  houses; 

(2)  The  separation  of  the  sexes  therein ; 

(3)  Fixing  the  number  of  lodgers  in  each  house  and  in  each  room ; 

(4)  Enforcing  sufficient  privy  or  w.c.  accommodation  and  other 

appliances  and  means  of  cleanliness  in  proportion  to  number 
of  lodgers  and  occupiers ; 

(5)  Enforcing  proper  drainage  and  ash-pits  for  such  houses ; 

(6)  Promoting  cleanliness  and  ventilation  for  such  houses ; 

(7)  Inspection  of  houses,  and  the  conditions  and  restrictions  under 

which  inspection  may  be  made. 

Note. — Copy  of  said  bye-laws,  when  confirmed  and  printed,  to  be  furnished 
gratis  to  every  keeper  of  such  house,  and  such  keeper  shall  be  bound  to  keep 
a  copy  thereof  hung  up  in  some  conspicuous  place  in  each  room  in  which 
lodgers  are  received.    (Section  93.) 

Contravention  of  these  bye-laws  may  be  prosecuted  before  anj^  judge  or 
magistrate  having  police  jurisdiction,  and  in  the  same  way  and  manner  as 
police  oflEences  are  tried  before  him  under  any  general  or  local  Police  Act. 
(Section  153.) 

9.  Removal  to  Hospital  of  Side  Persons  brought  by  Ship.  [Ibid., 
Section  180] :  J      if  i  > 

(1)  For  removal  to  hospital  of  such  patients; 

(2)  For  keeping  in  hospital  so  long  as  may  be  necessary  any  persons 

brought  by  ship  who  are  infected  with  an  infectious  disease. 
Provisions  as  to  Buildings — Building  Reguhlions.   [Ibid.,  Section 

The  Local  Authority  of  any  district,  other  than  a  burgh,  may,  subject 
to  the  approval  of  the  County  Council,  make  bye-laws  for  the  whole  or 
any  part  of  their  district  for — 

Regulating  the  building  or  rebuilding  of  houses  or  buildings,  or  the 
use  for  human  habitation  of  any  building  not  pre^aously  so 
used,  or  any  alteration  in  the  mode  of  occupancy  of  any  existing 
house  in  such  a  manner  as  will  increase  the  number  of  separate 
houses,  in  respect  of  the  following  matters  : — 
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(1)  Coustniction  of  drains  of  subsoil  of  sites  to  prevent  dampness  in 

liouses  intended  for  human  habitation; 

(2)  Structure  of  walls,  foundations,  roofs,  and  chimneys  of  new  build- 

lllgS  ;  likoiy  to  affect 

(3)  VentUation  of  houses  and  buildings  intended  for  human  habita- 

tion ; 

(4)  Sufficiency,  of  space  about  buildings  ;  -To  secure  a  fee 

(0)  Construction  and  arrangement  of  the  drainage  of  houses  and  °'' 
buildmgs,  and  of  soil-pipes,  and  waste-pipes,  and  the  position 
and  construction  of  water-closets,  earth-closets,  privies  ash- 
pits, cesspools,  dungsteads,  slop-sinks,  and  rain-water  pipes  and 
rhones ;  ^  ^ 

(6)  Production  ofisuitable  building-plans  in  respect  of  the  matters 

in  this  section  mentioned,  and  their  inspection ; 

(7)  Intimation  previous  to  commencement  by  owner  or  person  lavincr 

out  the  work  to  the  Local  Authority  of  date  of  commencement^ 
and  for  due  inspection  m  respect  of  the  matters  mentioned  in 
this  section  concermng  houses  or  buildings  in  process  of  erection 
or  alteration,  and  the  examination  of  the  drains  thereof,  and 
tor  the  pulling  down,  alteration,  or  amendment  of  any  work 
done  m  contravention  of  the  bye-laws. 

JVoie.-In  biirghs  these  matters  are  regulated  by  the  rules  for  new  buildings 
which  are  laid  down  m  Schedule  IV.  of  the  Burgh  Pohce  (Scotland)  Act,  ISqI 
^t^'  X^n'  mfi  Commissioners  with  ipprovS 


Regulations 

Throughout  the  Public  Health  (Scotland)  Act,  1897,  mention  is 
occasionally  made  of  regulations  which  may  be  made  by  different 
authorities  respecting  various  matters. 

Section  15,  for  example,  enacts  that  a  Local  Authority,  with  the  ai3t)rov«l 
of  the  L.  G.  Board,  shall  regulate  the  duties  of  the  M.  O.  H  and  S  I  S  t  W 
relations  to  each  other  (p.  19)  ;  section  10,  that  it  shall  be  the  dutrof^Aoe  'l 
Authority  to  make  regulations  respecting  the  duty  of  every  of/cer  of  sul 
Authority  and  of  any  constable  or  officer  of  police  to  give  informatSn  of  anv 
nuisance  imder  the  Act ;  section  60  (10),  with  respect  to  inspectTon  of  diuSs"^ 
etc.  that  nothing  in  that  section  shall  interfere  with  the  operation  or  effect  of 
the  Contagiou-s  Diseases  (Animals)  Acts,  1878  to  1886,  or  of  any  rerruHtion 
licence,  or  act  of  a  Local  Authority,  made,  granted,  or  done  un^iev^^y^oM 
the  Privy  Council  ;  section  66  (4),  that  a  L.  A.,  with  the  sanction  of  and  sublet 
to  regulations  made  by  the  L.  G.  Board,  may  provide  portabir l  oTpitals 
(p.  510) ;  section  70  (1),  that  a  L.  A.  may  make  regulations  ^^^th  respect  to  the 
management  of  any  proper  building  they  may  erett  for  post-mortem  etxmina' 
t  ons  (p  480);  section  78-81  (Part  IV.,  Prevention  of  EpidemirDiioa3 
that  the  L.  G.  Board  may  from  time  to  time  make  such  reStions  as  to  the 
Board  may  seem  fit  regarding  the  spread  of  such  diseases  f  and  secUo^l  lO 

n      n  ■   1.     '  1  ^r"''  'l-D'  with  regard  to  drainage  connect/ons 

(p.  316).    Regulations  differ  from  bye-laws.    According  to  section  1 8S  nf  ? 
Act,  provisions  in  the  Act  relating  to  bye-laws  shall  not  applyr!ny  ,  'f^: 
winch  a  Local  Authority  are  by  the  Act  authoriHod  to  inake  ;  i^Seless  a 
Local  Authority  inay  cause  any  regulations  made  by  them  under  tro  tt  to  b" 
publLshod  in  HI ich  manner  as  they  may  see  fit.  " 
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Eegulations,  therefore,  in  contradistinction  to  bye-laws,  may  be 
defined  to  be  sucb  rules  laid  down  by  a  Local  Authority  in  respect  of 
matters  authorised  by  statute  as  do  not  require  the  sanction  of  the  L.  G. 
Board,  but  which  may  be  published  by  the  Local  Authority  in  such 
manner  as  they  may  think  fit. 

Regulations  made  by  a  Local  Authority  under  tlio  Dairies,  Cowsheds,  and 
Milk-shops  Orders  of  1885,  1887,  and  189fl,  must,  however,  be  confirmed  by  the 
L.  G.  Board. 


CHAPTER  XVII 


LAW  RELATING  TO  SALE  OF  FOOD 

With  respect  to  Unsoundness. 
(A)  In  Scotland. 

Public  Health  (Scotland)  Act,  1897.    Section  43. 

Any  medical  officer,  or  sanitary  inspector,  or  any  veterinary  snrgeon 
approved  for  the  purposes  of  tins  section  by  the  Local  Authority  may  at  all 
reasonable  tunes  enter  any  premises  witliin  the  district  of  the  Local  Authority 
or  search  any  veliicle,  barrow,  basket,  sack,  bag,  or  parcel  in  order  to  inspect 
or  examme  and  may  inspect  and  examine — 

(a)  any  animal,  ahve  or  dead,  intended  for  the  food  of  man  which  is  ex- 

posed for  sale,  or  deposited  or  being  transmitted  for  sale  or  prepara- 
tion for  sale  ;  and 

(b)  any  article,  solid  or  liquid,  mtended  for  the  food  of  man,  etc. 

—the  proof  that  the  same  was  not  exposed  or  deposited  or  being  transmitted  for 
any  such  piu-pose  to  rest  upon  the  person  charged.    And  if  any  such  animal 
or  a,rticle  appears  to  any  such  officer  to  be  diseased  or  imsoimd  or  mifit  for  the 
food  of  man,  he  may  by  himself  or  an  assistant  seize  and  carry  away  the  same 
'iLticr  "^""^  smnmarily  by  the  Sheriff,  magistrate,  or 

Provided  that  m  the  case  of  a  Uving  animal,  the  medical  officer  of  health 
or  samtary  inspector  (unless  he  himself  is  a  quaUfied  veterinary  surgeon)  shall 
be  tvccompanied  by  a  veterinary  surgeon. 

The  pohce  shall  have  power  to  search  vehicles,  etc.,  and  shall  assist  in 
executmg  or  enforcing  this  section. 

If  it  appears  to  a  Sheriff,  etc.,  that  any  such  animal  or  article  so  seized  is 
diseased,  or  unsound,  or  unfit  for  the  food  of  man,  he  shall  condemn  the  same 
and  order  it  to  be  destroyed,  or  so  disposed  of  as  to  prevent  it  being  exposed 
for  sale  or  used  for  the  food  of  man  ;  and  the  person,  if  found  guiltv,  shall  be 
hable  to  a  penalty  not  exceeding  £50  for  every  animal  or  article 

If  the  article  consists  of  fruit,  vegetables,  corn,  bread,  or  flour,  imless  he 
proves  that  he  or  anyone  acting  for  him  did  not  loiow,  and  could  not  with 
reasonable  care  have  known,  that  it  was  unsound,  etc.,  and  imfit  for  human 

hefL  rv,^^^    J'^^u  P'^*^*y-    ^^"^^"i'  ^  proceedings 

before  the  Sheriff  it  be  found  m  evidence  that  such  person  knowingly  and 
wil  uUy  committed  the  offence,  he  shall  be  Hable  to  imprisonment  tith  or 
without  hard  labour,  and  to  pay  all  expenses  relating  to  seizure,  detention, 
or  disposal  of  the  article.  Should  the  person  prove  that  the  animal  or  part 
thereof  condemned  was  within  a  reasonable  time  prior  to  the  seizure  examined 
where  it  was  slaughtered  and  passed  by  a  veterinary  surgeon,  he  shall  be 
exempt  from  penalty  or  imprisonment. 

Each  Local  Authority,  or  two  or  more  Local  Authorities  in  combination, 
may  appomt  a  place  or  places  within  the  district  or  their  districts,  and  may 
If,     IT^  /f  "^J"'"^'      veterinary  surgeon  approved  by  them  shall 

attend  for  the  purpose  of  examining  any  animal  alive  or  dead  which  may  be 
there  submitted  to  hun,  and  of  passing  or  condemning  the  animal,  and  such 
veterinary  surge.,n  shall,  on  receipt  of  a  fee  to  bo  fixed  by  the  said  L<.cal  Author- 
ity or  Authorities  and  paid  by  the  owner,  examine  and  pass  or  condemn  in 
whole  or  m  part  any  animal  or  carcase  submitted  to  him.  If  he  passes  the 
21-  529 
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same,  he  sliall  grant  a  certificate  to  that  effect,  setting  forth  therein  name  of 
owner,  date  and  hour  of  examination,  and  such  otlier  particulars  as  the  Local 
Authority  or  Autiiorities  may  prescribe.  If  lie  condonm  the  animal  or  carcase 
or  part  tliei-eof,  the  animal  or  carcase  or  part  condemned  shall  be  retained  and 
forthwith  destroyed  by  the  Local  Authority,  or  so  disposed  of  as  to  prevent  the 
same  being  exposed  for  sale  or  used  for  the  food  of  man,  the  owner  to  be  en- 
titled to  the  net  price  realised  from  the  residual  product  of  the  carcase  or  part 
condemned,  after  deduction  of  any  expenses. 

No  carcase  shall  be  submitted  for  such  examination  unless  a-s  a  whole 
carcase,  and  mcluding  the  thoracic  and  abdominal  viscera,  so  that  the  ex- 
aminer may  satisfy  himself  that  the  organs  shown  are  those  of  the  carcase 
submitted  for  examination. 

Where  it  is  shown  that  any  animal  or  article  liable  to  seizure  and  foimd  in 
the  possession  of  any  person  was  bought  by  such  person  or  was  consigned  to 
liim  from  another  per.3on  for  the  food  of  man,  and  that  at  tlio  time  of  purchase 
or  consigmnent  such  animal  or  article  was  Uable  to  be  seized  and  condemned, 
the  seller  or  consignor  shall  be  liable  to  be  brought  to  trial  in  the  district  in 
which  such  animal  or  article  was  seized,  and  unless  he  is  able  to  prove  that  at 
the  time  of  sale  or  consignment  he  did  not  know,  or  could  not  mth  reasonable 
care  have  Imown,  that  the  animal  or  article  was  in  such  a  condition,  he  shall  be 
liable  to  the  penalty  and  imprisonment  above  named,  on  conviction. 

A  copy  of  any  certificate  granted  by  a  veterinary  surgeon  imder  this 
section  shall  forthwith  be  sent  by  him  to  the  chief  constable  of  the  district  in 
wliich  the  examination  took  place,  and  the  certificate  itself  (that  is,  the  original) 
shall  be  sent  by  the  person  selling  the  animal  or  carcase  forthwith  after  the 
sale,  and  not  more  than  seven  days  from  date  of  the  certificate,  to  the  cliief 
constable  of  the  district  in  which  the  sale  took  place,  and  if  any  veterinary 
surgeon  or  person  shall  contravene  this  enactment  he  shall  be  Uable  to  a  penalty 
of  £20. 

Where  a  person  convicted  of  an  offence  under  this  section  has  witliin  twelve 
months  previously  been  convicted  of  an  offence  imder  tliis  section,  the  Sheriff, 
magistrate,  or  justice  may,  if  he  finds  that  on  both  these  occasions  the  offender 
Ivnowingly  and  wilfully  committed  these  offences,  and  if  he  thinks  fit,  order 
that  a  notice  of  the  facts  be  affixed,  in  such  form  and  manner  and  for  any 
period  not  exceeding  twenty-one  days,  to  any  premises  occupied  by  the  offender, 
who  shall  pay  the  costs  thereof  ;  and  any  person  who  obstructs  the  affixing  of 
such  notice,  or  removes,  defaces,  or  conceals  the  notice  while  affixed,  shall  be 
liable  to  a  penalty  of  £5.  If  the  occupier  of  a  licensed  slaughter-house  be  so 
convicted,  his  licence  may  be  cancelled. 

Any  person  who  obstructs  any  medical  officer  of  health,  or  sanitary  m- 
spector,  or  veterinary  surgeon  in  the  performance  of  his  duty  under  this  section 
shall  be  Uable  to  a  fine  or  imprisonment. 

(B)  In  England  Uke  powers  are  conferred  upon  the  two  first-named  officers — 
i.e.  the  Medical  Officer  of  Health  and  the  inspector  of  nuisances,  but  not  upon 
a  veterinary  surgeon,  by  the  Public  Health  Act,  1875,  sections  116-119  mclusive. 
The  powers  embrace  the  inspection  and  examination  of  "  any  animal,  carcase, 
meat,  poultry,  game,  flesh,  fish,  fruit,  vegetables,  com,  bread,  flour,  or  milk  " 
exposed,  or  deposited  for  purpose  of  or  of  preparation  for  sale. 

Section  116  gives  power  to  inspect  and  examine,  and  if  the  article  be  found 
unfit  for  the  food  of  man,  to  seize  and  carry  away  the  same  ;  section  117 
empowers?  a  justice  who  is  satisfied  of  the  imfitness  for  human  food  of  the 
article  seized  to  order  its  destruction;  section  118  enacts  jjonalties  against 
obstruction  to  any  such  inspection,  and  .section  110  empowers  a  ju.stice,  on  a 
complaint  made  on  oath  by  the  Medical  Officer  of  Health,  inspector  of 
nuisance,  or  other  officer,  to  grant  a  warrant  to  search  for  unsound  or 
diseased  food. 

The  Public  Health  Acts  Amendment  Act,  1890,  section  28,  extends  the  fore- 
going sections  116  to  119,  to  "  apply  to  all  articles  intended  for  the  food  of  man." 
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Law  regarding  Manner  in  which  Articles  used  for  the  Food  of  Man 
may  be  Manufactured  and  Exposed  for  Sale 
Acts  common  to  England  and  Scotland : 
The  Margarine  Act,  1887. 

"  Buiter  "  is  defined  in  section  3  as  "  the  substance  usually  Imovm  as  butter, 
made  exclusively  from  milk  or  cream  or  both,  with  or  without  '  salt  or  other 
preservative,^  and  with  or  without  the  addition  of  coloiu-ing  matter  "  ;  and 
marganne,  as  all  substances,  whether  compoimds  or  otherwise,  prepared 
in  imitation  of  butter,  and  whether  mixed  with  butter  or  not,  and  no  such 
substance  shall  be  lawfully  sold,  except  under  the  name  of  margarine,  and 
imder  the  conditions  set  forth  in  this  Act." 

Section  4.  Every  person  dealing  in  margarine,  wholesale  or  retail,  whether 
manmactm-er,  importer,  consignor  or  consignee,  or  commission  agent  or  other- 
wise, who  is  foimd  guilty  of  an  offence  under  the  Act  shall  be  liable  to  penalties, 
the  amoimt  to  be  determined  by  the  number  of  the  offences. 

Section  5.  Enacts  that  where  an  employer  is  charged  with  an  offence,  he 
shall  be  entitled  to  have  any  other  person  whom  he  charges  as  the  actual 
offender  brought  before  the  Co^u^t,  and  if  the  person  so  charged  be  proved  to 
be  the  actual  offender,  the  employer  shall  be  exempt  from  penalty. 

Section  6.  Enacts  that  every  person  dealing  in  margarine  shaU  conform 
to  the  lollowmg  regulations  : — 

Every  package,  open  or  closed,  containing  margarine,  shall  be  branded  or 
durably  marked  margarine  "  on  top,  bottom,  and  sides,  in  printed  capital 
letters,  not  less  thanj  of  an  inch  square.  If  the  margarine  be  exposed  for  sale 
by  retail,  there  shall  be  attached  to  each  parcel  a  label  marked  "  margarine  " 
m  prmted  capital  letters  not  less  than  U  inches  square. 

Any  person  selUng  margarine,  save 'in  a  package  duly  marked  as  above, 
shall  m  every  case  dehver  the  same  in  a  paper  wrapper  on  which  is  printed 
m  capital  letters  the  word  "  margarine." 

Section  7.  Every  person  in  any  way  dealing  with  margarine  for  purposes 
of  sale  contrary  to  this  Act,  shall  be  Uable  to  conviction  for  an  offence  against 
the  Act,  unless  he  shows  to  the  satisfaction  of  the  Court  that  he  purchased  the 
article  as  butter  and  with  a  written  warranty  to  that  effect,  but  shall  be  liable 
to  pay  the  costs  of  the  prosecution  unless  he  intimates  beforehand  that  he  will 
rely  upon  the  above  defence. 

Section  8.  All  margarine  imported  into  the  United  Kingdom  and  all 
margarme  whether  imported  or  manufactured  within  the  United  Kingdom 
shall  be  duly  consigned  as  margarine,  and  any  officer  of  customs  or  Mand 
Revenue,  or  medical  officer  of  health,  sanitary  inspector,  or  police  constable 
actmg  under  .section  13  of  the  Sale  of  Food  and  Drugs  Act,  1875,  to  procme 
samples  for  analysis,  may  take  samples  from  any  such  package  for  analysis 
u  neces.sary.  j.        o  j  '=•> 

Section  9.  Every  manufactory  of  margarine  within  the  United  I&igdom 
shall  be  registered  by  the  owner  or  occupier  thereof  with  the  Local  Authoritv 
from  time  to  time  as  the  Local  Government  Board  may  direct,  with  penalty  in 
case  of  failure  to  register. 

,«o[^'''^T*'''''  i«^"i«nded  by  section  7  of  the  Sale  of  Food  and  Drugs  Act, 
1899,  as  follows  :-Every  occupier  of  a  manufactory  of  margarine  or  margarine- 
cheese,  and  every  wholesale  dealer  in  the  same,  shall  keep  a  register  .showing 
(1)  the  fiuahty  and  (2)  the  destmation  of  each  consignment  of  such  substances 
sent  from  such  manufactory  or  place  of  business,  and  such  register  shall  be 
open  to  the  inspection  of  any  officer  of  the  Board  of  AgricultiTre  ;  and  any 
officer  of  such  Board  shall  have  power  at  all  reasonable  times  to  enter  any 
such  manufactory  or  place  of  business,  to  inspect  any  process  of  manufacture 
therom  and  to  take  samples.  If  any  occupier  or  dealer  (a)  fails  to  keep  such 
a  register,  or  (6)  refuses  to  produce  the  register  when  called  for  by  an  officer 
of  the  Board  of  Agriculture,  or  (c)  fails  to  keep  such  register  posted  up  to  date 
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or  (d)  wilfully  makes  any  false  entry  therein,  or  (e)  fraudulently  omits  to  enter 
any  particular  which  ought  to  be  entered  therein,  ho  shall  bo  liable  to  a  penalty. 
Tho  provisions  of  section  i)  of  tlie  Margarine  Act,  1887,  relating  to  registration 
of  manufactories,  siuiU  extend  to  any  promises  of  a  wliolesalo  dealer  in  mar- 
garine or  margarine-cheese  ;  and  sucii  registration  shall  be  forthwith  notified 
by  the  Local  Authority  to  tho  Board  of  Agriculture.] 

Section  10.  Any  officer  authorised  to  take  samples  mider  the  Sale  of  Food 
and  Drugs  Act,  1875,  7nay,  without  going  through  the  form  of  purchase  provided 
by  that  Act,  but  otherwise  acting  in  all  respects  as  in  that  Act  dealing  with  samples, 
take  for  analysis  samples  of  any  butter  or  substances  purporting  to  be  butter, 
which  are  exposed  for  sale,  and  are  not  marked  margarine  ;  any  such  substance 
so  exposed  and  not  so  marked  shall  be  presumed  to  be  expo.sed  for  sale  as 
butter. 

Section  11.  Deals  with  destination  of  penalties  recovered  after  prosecutions 
under  the  Act. 

Section  12.  Enacts  that  all  proceedings  under  this  Act,  save  as  expressly 
varied  by  this  Act,  shall  be  the  same  a?  prescribed  by  sections  12  to  28  inclusive 
of  the  Sale  of  Food  and  Drugs  Act.  1875,  and  all  officers  employed  under  that 
Act  are  hereby  empowered  and  required  to  carry  out  the  provisions  of  this 
Act. 

The  Margarine  Act  has  been  further  amended  by  the  Sale  of  Food  and 
Drugs  Acts,  1899,  in  the  following  provisions  : — 

Section  5.  The  provisions  of  the  Margarine  Act,  1887,  shall  extend  to  ' 
margarine-cheese,  and  shall  apply  accordingly,  wdth  the  substitution  of 
"  margarine-cheese  "  and  "  cheese  "  for  "  margarine  "  and  "  butter,"  and 
provided  that  all  margarine-cheese  sold  or  dealt  in  otherwise  than  by  retail 
shall  either  be  enclosed  in  packages  marked  in  accordance  with  the  Margarine 
Act,  1887,  as  amended  by  this  Act,  or  be  itself  conspicuously  branded  with 
the  words  "  margai-me-cheese." 

Section  6.  Where  under  this  Act  or  the  Margarine  Act  it  is  required  that 
any  package  containing  margarine  or  margarine-cheese  shall  be  branded  or 
marked,  the  brand  or  mark  shall  be  on  the  package  itself  and  not  solely  on  a 
label,  ticket,  or  other  thing  attached  to  the  package.  The  letters  on  the  paper 
wi-apper  in  which  margarine  or  margarine-cheese  is  sold  shall  be  capital  block 
letters  not  less  than  ^  an  inch  long  and  distinctly  legible,  and  no  other  printed 
matter  shall  appear  on  the  wrapper. 

Section  8.  Makes  it  imlawful  to  make,  sell,  expose  for  sale,  or  import  anj' 
margarine  the  fat  of  which  contains  more  than  10  per  cent,  of  butter  fat,  and 
any  person  who  so  contravenes  shall  be  guilty  of  an  offence  vmder  the  Margarme 
Act,  1887,  and  any  defence  which  would  be  defence  under  section  7  of  that  Act 
shall  be  a  defence  under  this  section,  and  the  provisions  of  section  7  shall  apply 
accordingly. 

Section  10.  Enacts  that  in  the  case  of  any  margarine  or  margarine  cheese 
forwarded  by  a  public  conveyance  of  which  a  sample  has  been  taken  by  an 
authorised  officer,  such  officer  shall  send,  by  registered  parcel  or  otherwise,  a 
portion  of  the  sample  marked  and  sealed  or  fastened  up,  to  the  consignor  if  his 
name  and  address  appear  on  the  package  from  which  tho  sample  has  been 
taken. 

Section  25.  Defines  the  expression  "  margarine-cheese  "  to  mean  any  sub- 
stance, whether  compound  or  otherwise,  which  is  prepared  in  imitation  of 
cheese,  and  which  contains  fat  not  derived  from  milk  ;  and  the  expression 
"  cheese  "  to  mean  the  substance  usually  known  as  cheese,  containing  no  fat 
derived  otlierwise  than  from  mill';. 

The  Sale  of  Horseflesh,  etc..  Regulation  Act,  1889. 

Section  1.  No  per.3on  shall  sell,  offer,  expose,  or  keep  for  sale  any  horse- 
flesh for  human  food,  elsewhere  than  in  a  sliop,  stall,  or  place  over  or  upon 
which  there  shall  bo  at  all  times  painted,  posted,  or  placed  in  legible  characters, 
not  leas  than  four  inches  in  length,  and  in  a  coiispicuous  position,  and  so  as  to  bo 
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visible  wliether  by  night  or  day  wliile  such  liorseflesh  is  being  offered  or  ex- 
[Kisod  for  sale,  words  indicating  that  horseflesh  is  sold  there. 

Section  2.  Forbids  any  person  supplying  to  any  purchaser  any  horseflesh 
«  u.  has  asked  to  be  supplied  with  some  meat  other  than  horseflesh  or  with 
some  compound  article  wliich  is  not  ordhiarily  made  of  horseflesh 

Section  3.  Empowers  a  modical  officer  of  health  or  inspector  of  nuisances 
or  other  ofhoer  ot  a  Local  Authority,  to  inspect  and  examine  at  all  reasonable 
times  any  meat  which  he  has  reason  to  believe  to  be  horseflesh,  exposed  for 
sale  m  any  imauthorised  place,  and  if  any  such  meat  appears  to  him  to  be 
horseflesh,  to  seize  and  carry  away  or  cause  to  be  seized  and  carried  awav  the 
same  m  order  that  it  may  be  dealt  with  by  a  justice.  ' 

Section  4.  Empowers  a  justice  to  grant  warrant  for  search  ;  section  5 
to  make  an  order  for  the  disposal  of  seized  horseflesh ;  and  section  G,  deals 
witli  penalties  for  contraventions  of  the  Act. 

Section  7.  Defines  "horseflesh"  to  mclude  the  flesh  of  asses  and  mules 
and  shall  mean  horseflesh,  cooked  or  imcooked,  alone  or  accompanied  by  or 
mixed  with  any  other  substance.  . 

Section  8.  Determines  the  Local  Authorities  in  London,  in  England,  and  in 
Ireland,  who  shall  administer  the  Act,  and  section  9,  the  Local  Authorities  in 
Scotland  Section  9  also  enacts  that  the  procedure  for  the  enforcement  of  the 
Act  Shall  be  m  the  manner  provided  in  section  33  of  the  Sale  of  Food  and 
Drugs  Act,  1875. 

MILK  SUPPLY. 

Dairies,  Cowsheds  and  Milkshops  Orders  of  1885,  1887,  and  1899 

These  Orders  apply  to  England  and  Wales  and  Scotland 
By  the  Contagious  Diseases  Animals  Act.  1878,  section  34,  powers  to  make 
Orders  in  regard  to  dairies,  cowsheds  and  milkshops  were  conferred  upon  the 
Privy  Council,  and  by  the  Amending  Act  of  Hke  title  of  1886,  section  a,  it  was 
enacted  that  these  powers  should  be  transferred  and  be  exercisable  by  the 
Local  Government  Boards  ;  any  regulations  made  by  Local  Authorities  under 
the  Order  of  1885  were  to  be  deemed  to  have  been  made  by  the  L.  G.  Board  and 
Local  Authorities  tmder  the  Amending  Act. 

The  Contagious  Diseases  (Animals)  Act,  1878,  section  34,  as  amended  bv 
section  9  of  the  Act  of  1880,  is  as  follows  :-The  L.  G.  Board  may  make  such 
general  or  special  orders  as  they  think  fit,  subject  to  the  provisions  of  this  Act 
for  all  or  any  of  the  following  purposes  :_(1)  registration  of  all  persons  trading 
as  cowkeepers,  dairymen,  or  purveyors,  with  the  Local  Authoritv  •   f")  in 
spect.on  of  cattle  in  dairies,  prescribing  of  lighting,  ventilation,  cleansing 
drainage,  and  water-supply  of  dairies  and  cowsheds  occupied  bv  Persons  as 
cowkeepers  or  dairymen  ;   (3)  securing  cleanliness  of  milk-stores,  milk-shops 
and  mdk-vessels  used  for  containing  milk  for  sale  by  such  persons  ■   (4)  ^1' 
scribing  precautions  to  be  taken  for  protecting  milk  against  infection  or  con- 
tamination ;  aad  (5)  authorising  a  L.  A.  to  make  regulations  for  all  or  anv  of 
the  purposes  named,  subject  to  conditions  prescribed  by  the  L  G  B 

L  Order  of  1885. 

Articles  1,  2,  3,  4,  5  are  legal  in  character. 

Article  6.  Declares  {])  it  shall  not  be  lawful  for  any  person  to  carrv  on  in 
the  district  of  any  L.  A.  the  trade  of  cowkeeper,  dairyman,  or  purveyor  of 
milk  unless  he  ,s  registered  as  such  therein  ;  (2)  every  L.  A.  shall  kZ  a 
register  of  all  such  persons,  and  shall  from  time  to  time  revise  and  correct  the 
regis  or  ;  (3)  the  L.  A  shall  register  every  such  person,  but  the  fact  of  sS 
registra  ion  shall  not  bo  deemed  to  authorise  such  person  to  occupy  as  a  da  rv 
or  cowshed  any  par  icular  building,  or  in  any  wa.y  preclude  an/'procee  Z 
being  taken  agaiast  him  for  non-compliance  with  or  infringement  of  Ty  prf- 
visKuis  of  this  Order  or  any  regulations  made  thereunder  ;  (4)  the  L  Tsd 
from  time  to  time  give  public  notice  by  advertisement  in  a  nlwspape  •"drcul^ 
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ing  in  their  district,  or  by  hundbills,  or  otherwise,  of  registration  being  required, 
and  of  the  mode  of  registration  ;  (5)  a  person  who  carries  on  the  trade  of  cow- 
kooper  or  dairyman  for  the  purpose  only  of  making  and  seihng  butter  and 
cheese,  or  both,  and  not  of  purveying  milk,  need  not  be  registered  ;  (6)  u 
person  wlio  sells  milic  of  liis  own  cows  in  small  (juantities  to  workmen  or  neigli- 
bours  for  their  accommodation,  sluill  not  bo  deemed  a  purveyor  of  milk  and 
need  not  be  registered. 

Article  7.  Deals  with  the  construction  and  water-supply  of  new  dairies  and 
cowslieds.    For  details  see  p.  135. 

Article  8.  Enacts  it  shall  not  be  lawful  for  any  person  following  the  trade 
of  cowkeeper  or  dairyman  to  occupy  as  a  dairy  or  cowshed  any  building, 
whether  so  occupied  before  the  commencement  of  this  Order  or  not,  if  and  so 
long  as  the  lighting  and  the  ventilation  including  air-space,  and  the  cleansing, 
drainage,  and  water-supply  thereof  are  not  such  as  are  necessary  and  proper — 

(ffl)  For  the  health  and  good  condition  of  the  cattle  therein  ;  and 

(6)  For  the  cleanliness  of  milk-vessels  used  therein  for  containing  milk  for 
sale  ;  and 

(c)  For  the  protection  of  the  milk  therein  against  infection  or  contamina- 
tion. 

Article  9.  It  shall  not  be  lawful  for  any  person  following  the  trade  of  cow- 
keeper,  or  dairyman  or  purveyor  of  milk,  or  being  the  occupier  of  a  milk-store 
or  milk-shop — 

(a)  To  allow  any  person  suffering  from  a  dangerous  infectious  disorder  or 
having  recently  been  in  contact  with  a  person  so  suffering,  to  handle 
milk-vessels  or  in  any  way  to  take  part  or  assist  in  the  conduct  of 
the  trade  of  cowkeeper,  etc.,  so  far  as  regards  the  production,  dis- 
tribution, or  storage  of  milk  ;  or 

(6)  If  himself  so  suffering,  etc.,  to  milk  cows,  or  handle  vessels,  or  in  any 
way  take  part  in  the  business,  so  far  as  regards  the  production,  etc., 
of  milk. 

Article  10.  Makes  it  unlawful  for  any  person  following  the  trade  of  cow- 
keeper, etc.,  after  receipt  of  a  notice  of  not  less  than  one  month  from  the  L.  A. 
calling  attention  to  the  provisions  of  this  Article,  to  permit  any  w.c,  earth- 
closet,  privy,  cesspool,  or  urinal  to  be  vnthin,  communicate  directly  with,  or 
ventilate  into,  anj'  dairy  or  any  room  used  as  a  milk-store  or  milk-shop. 

Article  11.  Makes  it  unlawful  for  any  such  person  to  permit  a  milk-storc 
or  milk-shop  in  his  possession  to  be  used  as  a  sleeping  apartment,  or  for  any 
purpose  incompatible  with  the  proper  preservation  of  the  cleanliness  of  tlie 
milk-store  or  milk-shop  and  of  the  milk-vessels  and  milk  therein,  or  in  any 
manner  likely  to  contaminate  the  milk  therein. 

Article  12.  Forbids  such  person  to  keep  any  swine  in  any  cowshed  or  other 
building  used  by  him  for  keeping  cows,  or  in  any  milk-store  or  other  place 
used  by  him  for  keeping  milk  for  sale. 

Article  13.  Enacts  that  a  L.  A.  may  from  time  to  time  make  regulations 
for  all  or  any  of  the  following  purposes  : — (a)  for  inspection  of  cattle  in  dairies  ; 
(6)  for  prescribing  and  regulating  the  lighting,  ventilation,  eleansmg.  drainage, 
and  water-supply  of  dairies  and  cowslieds  occupied  by  persons  following  the 
trade  of  cowkeepers  or  dairymen  ;  (c)  for  sectu-ing  cleanliness  of  milk-stores, 
milk-shops,  and  of  milk-vessels  used  for  containing  milk  for  sale  by  such  per- 
sons ;  {d)  for  prescribing  precautions  to  be  taken  hy  purveyors  of  milk  and 
retail  sellers  of  milk  against  infection  or  contamination. 

Article  14  was  revoked,  and  for  it  was  substituted  Article  II.  of  the  Order 
of  1899,  which  declares  that  regulations  made  b.y  a  L.  A.  under  the  Order  shall 
not  take  effect  until  they  have  been  submitted  to  and  confirmed  by  the  L.  G. 
Board,  who  may  allow  or  disallow  the  same  as  they  think  proper  ;  nor  shall 
any  such  regulations  be  confirmed  (I)  unless  notice  of  intention  to  apply  for 
confirmation  of  the  same  has  been  given  in  local  newspapers,  or  by  handbills 
posted  throughout  the  district,  one  month  at  least  before  such  application  is 
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made,  and  (2)  unless  one  month  at  least  before  any  such  application  is  con- 
sidered, a  copy  of  the  proposed  regulations  has  been  kept  at  the  office  of  the 
L.  A.,  and,  in  the  case  of  districts  other  than  burghs,  at  the  office  of  the  Parish 
Council,  and  has  been  open  thereat  to  inspection  of  ratepayers  of  the  district 
witliout  fee  or  reward  during  office  hours.  Any  person  aggrieved  by  any 
proposed  regulation  may  within  such  last-mentioned  month  forward  notice 
of  his  objection  to  the  L.  G.  Board,  and  the  clerk  to  the  L.  A.  shall  furnish  to 
such  person  on  application  a  copy  of  the  proposed  regulations  at  a  charge  of 
Od.  for  every  himdred  words  contained  in  such  copy. 

Article  15.  Deals  with  evidence  of  disease  among  cattle.  By  Article  III. 
of  the  Order  of  1899,  it  was  altered  so  as  to  include  tubercular  disease  of  the 
udder.    (See  p.  420.) 

Article  16.  Declares  that  all  orders  and  regulations  made  by  a  L.  A.  under 
the  order  of  1899  or  any  Order  revoked  thereby,  and  in  force  at  the  making  of 
this  Order  shall,  so  far  as  the  same  are  not  varied  by  or  are  inconsistent  with 
this  Order,  remain  in  force  until  altered  or  revoked  by  the  L.  A. 

Article  17.  Declares  that  nothing  in  this  Order  shall  be  deemed  to  inter- 
fere with  the  operation  of  The  Cattle-Sheds  in  Burglis  (Scotland)  Act,  1866. 

II.  AmendingOrder  of  1887  deals  solely  with  the  transference  of  powers  of 
tlie  Privy  Coimcil  to  the  L.  G.  Boards,  and  in  Scotland  with  the  change  of 
authority  from  the  Privy  Council  to  the  Board  of  Super%dsion,  since  superseded 
by  the  Local  Government  Board  for  Scotland. 

Cattle-Sheds  in  Burghs  (Scotland)  Act,  1866 

This  Act  enacts,  section  3,  that  the  Magistrates  of  royal  and  parhamentary 
burghs  shall  reqmre  all  cattle-sheds  and  cow-houses  and  byres  within  their 
burghs  to  be  inspected  by  an  officer  appointed  by  them,  and,  if  foimd  suitable 
for  such  piu-poses,  to  be  hcensed  by  them  for  the  period  of  one  year,  and  shall 
have  power  to  make  rules  and  regtilations  for  the  proper  sanitary  conditions 
of  the  same,  and  to  fix  and  determine  in  each  licence  the  number  of  cattle 
which  may  be  kept  therein  ;  and  if  any  person  shall  keep  any  cattle  within 
any  burgh  without  such  inspection  and  licence,  or  shall  violate  any  rules  or 
regulations  made  by  the  Magistrates,  he  shall  be  liable  to  a  penalty  for  the 
offence  and  to  a  penalty  for  every  day  of  continuance  after  conviction  ; 
section  4  makes  hke  enactments  in  the  case  of  police  burghs  ;  that  is,  burghs 
which  have  adopted  "  The  PoUee  and  Improvement  (Scotland)  Act,  1862  " 
or,  previously,  "  The  PoHce  of  Towns  (Scotland)  Act,  1850  "  ;    section  5 
enacts  that  the  Magistrates  before  whom  any  person  is  convicted  of  non- 
observance  of  any  of  the  regulations  made  under  this  Act  may,  as  often  as  they 
see  cause,  by  writing  require  the  owner  or  occupier  of  such  cattle-shed,  etc., 
to  make  such  sanitary  improvements  in  the  same  as  they  shall  direct,  within 
one  month  from  the  date  of  such  written  notice,  and,  in  case  of  non-compUance 
with  such  notice,  suspend  for  any  period  not  exceeding  one  month  the  licence 
granted  to  such  person  under  this  Act ;  and  may,  after  a  second  conviction, 
in  addition  to  the  penalty,  revoke  such  licence,  and  when  such  licence  is  so 
revoked  may  refuse  to  grant  any  licence  whatever  to  such  person ;  section  6 
enacts  that  every  licence  granted  shall  continue  in  force  for  a  year,  imless  so 
suspended  or  revoked,  shall  require  to  be  renewed  once  in  every  year,  and  shall 
be  granted  free  of  charge  ;  and  section  7  enacts  that  before  anv  licence  for  the 
i^e  of  any  cattle-shed,  cow-house,  or  byre  can  be  granted,  14  davs'  notice  of 
the  intention  to  apply  for  the  same  shall  be  given  in  writing  to  the"  Magistrates 
or  Commissioners. 

Public  Health  (Regulations  as  to  Pood)  Act,  1907 

It  is  enacted  in  section  1  (1)  of  this  Act  that  the  power  to  make  regulations 
under  the  English  Public  Health  Act,  1896,  shall  include  the  power  to  make 
regulations  authorising  measures  to  be  taken  for  the  prevention  of  danger  to 
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public  healtli  from  the  importation,  preparation,  storage,  and  distribution  cf 
articles  of  food  or  drink  (other  than  drugs  or  watei')  intended  for  sale  for  human 
consinnption,  and  that,  inter  alia,  the  regulations  may  provide  for  tlie  ex- 
amination and  taking  of  samples  of  any  such  articles  ;  ('2)  for  tlio  piu-posf^s  of 
regulations  made  imdor  this  Act,  articles  commonly  used  for  the  food  or  di'inlc 
of  man  shall  be  deemed  to  be  intended  for  sale  for  human  consumption  imless 
the  contrary  is  proved  ;  and  (3)  that  in  the  application  of  this  Act  to  Scot- 
land, Part  IV.  of  the  P.  H.  (Scot.)  Act,  1897,  shall  be  substituted  for  the 
Public  Healtli  Act,  1890. 

In  virtue  of  those  powers  the  L.  G.  Board  for  Scotland  issued  "  The  Public 
Health  (First  Series:  Unsound  Food)  Regulations  (Scotland),  1908,"  in  an  Order 
of  date  25th  November  1908,  in  which  (Art.  III.)  the  M.  O.  H.  is  empowered 
to  examine  anyarticle  of  food  which  has  been  landed  within  the  district, or  while 
it  is  on  board  ship,  or  delivered  overside  but  before  landing  ;  the  master  of  the 
ship  shall,  when  asked  by  the  M.  O.  H.,  give  him  access  to  the  ship  for  such 
examination,  and  shall  impack  or  uncover  so  much  of  the  cargo  as  the  M.  O.  H. 
may  reasonably  require.  If,  on  examination,  the  M.  O.  H.  is  of  opinion  that 
the  food  is  unsoimd,  imwholesome,  or  unfit  for  human  consumption,  he  may 
himself,  or  by  an  assistant,  seize  and  carry  away  the  same,  or,  by  notice  in 
writing  to  the  importer,  shipmaster,  or  other  person  in  charge,  require  that 
the  food  shall  not  be  removed  without  his  permission,  until  the  decision  of  a 
Sheriff,  Magistrate,  or  Justice  has  been  given.  Art.  IV.  declares  that  if  on  a 
complaint  of  the  M.  O.  H.  that  such  food  is  unsound,  etc.,  a  Sheriff,  etc.,  is 
satisfied  that  the  food  is  unsoimd,  etc.,  and  that  there  is  an  ab.sence  of  proof 
that  the  food  was  not  intended  for  human  consumption,  he  shall  condemn  the 
food  and  order  its  destruction  or  disposal  by  such  means  and  in  such  manner 
as  to  prevent  its  use  for  human  consumption.  Art.  V.  declares  that  where  the 
M.  O.  H.  has  reason  to  believe  that  an  article  of  food  landed  in  the  district  has 
not  been  examined  by  him,  and  when  he  has  been  refused  access  to  make  such 
examination,  he  may  make  complaint  to  a  Sheriff,  Magistrate,  or  Justice, 
who  may  thereupon  issue  a  warrant  authorising  the  M.  O.  H.  to  enter  the 
premises,  and  to  search  for,  seize,  and  carry  away  the  article  of  food  ;  that  the 
person  in  custody  of  the  premises  named  in  the  warrant  shall  afford  all  facilities 
as  the  M.  O.  H.  may  require  in  his  search  ;  and  that  the  food,  when  found, 
shall  be  dealt  with,  if  imsound,  in  terms  of  Art.  IV.  Where  imsoimd  food  is 
destroyed.  Art.  VI.  declares  that  the  L.  A.  shall  keep  a  record  of  the  same, 
and  shall  retain  the  record  for  not  less  than  twelve  months.  Art.  VII.  empowers 
the  M.  O.  H.  to  take  a  sample  from  a  consignment  of  articles  of  food  for  any 
purpose  of  these  Regulations,  and  shall  dispose  of  the  sample  in  such  manner 
as  the  L.  A.  direct.  Where  the  M.  O.  H.,  in  respect  of  any  such  sample,  is  of 
opinion  that  special  procedure  is  necessary  for  its  examination,  or  where,  at 
the  request  of  the  importer,  the  M.  O.  H.  has  recourse  to  special  procedure  for 
such  examination,  the  importer  or  other  person  in  custody  of  such  sample  shall 
afford  during  48  hours  as  the  M.  O.  H.  by  notice  in  writing  appoints,  or  longer 
if  the  importer  consents,  all  such  facilities  as  the  M.  0.  H.  may  reasonably 
require  for  completion  of  his  examination  of  the  articles  of  food^  The  L.  A. 
may  appoint  a  legally  qualified  medical  practitioner  to  act  in  the  execution 
of  these  Regulations,  either  in  the  place  of,  or  as  an  assistant  to,  the  M.  O.  H. 
and  (2)  a  person  to  act  vmder  the  direction  of  the  M.  O.  H.  in  discharging  any 
such  duties  of  the  M.  O.  H.  under  these  Regulations  as  the  L.  A.  assign  to  the 
person  appointed  (Art.  X.).  Two  or  more  Local  Authorities  shall  act  together 
for  the  foregoing  purposes  in  every  case  in  wliich  the  L.  G.  Board  require  any 
such  joint  action. 

Under  the  same  Order,  and  on  the  same  date  as  the  foregoing,  the  l^oard 
also  issued  "  The  Public  Health  (Foreign  Meat)  Regulations  (Scotland),  1908." 

These  Regulations  are  designed  to  deal  with  (a)  joreign  boneless  meat  im- 
ported in  the  form  of  scraps,  trimmings,  or  other  pieces  not  .sufficiently  identi- 
fiablo  with  definite  parts  of  a  carcase,  and  not  before  importation  made  ready 
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for  human  consumption  in  the  form  of  a  sausage,  or  other  prepared  or  manu- 
factiu'ed  article  of  food  ;  (6)  with  imported  tripe,  tongues,  or  kidneys  to  which 
certain  chemical  preservatives  have  been  applied  ;  and  (c)  with  severed  parts  of  a 
pig  not  prepared  before  importation  as  bacon  or  ham,  and  not  contained  in  a 
package  with  an  "  official  certificate  "  impressed  on  it,  or  affixed  or  attached 
to  it.  Such  "  official  certificate  "  means  a  certificate,  label,  mark,  stamp,  or 
other  voucher  which,  by  a  notice  publislicd  in  The  Edinburgh  Gazette  at  any  time 
during  the  twelve  months  beginning  1st  October  1908,  is  declared  to  be  ad- 
missible as  evidence  that  the  cattle  or  pig  from  which  the  meat  is  derived  has 
been  certified  by  a  competent  authority  in  the  place  of  origin  to  be  free  from 
disease  at  the  time  of  slaughter,  and  that  the  meat  has  been  certified  by  a  like 
authority  to  have  been  dressed  or  prepared  and  packed  with  due  care  to  pre- 
vent danger  arising  to  public  health  from  the  meat  as  an  article  of  food.  Such 
meats  are  denominated  "  Foreign  Meat  of  Class  L"  ;  and  unless  the  importer  of 
such  furnishes  proof  that  it  is  not  intended  for  sale  for  human  consumption, 
the  meat  is  required  to  be  destroyed.  Foreign  meat  which,  being  in  the  form 
of  the  entire  carcase  of  a  pig,  has  not,  before  importation,  been  salted  or  other- 
wise prepared  as  bacon  or  ham,  and  is  without  the  head  in  its  natural  state  of 
attachment  to  the  carcase,  and  is  without  the  lymphatic  glands  about  the 
throat,  and  any  other  part  of  the  carcase  in  their  natural  position,  is  called 
"  Foreign  Meat  of  Class  II."  ;  and  foreign  meat  in  the  form  of  severed  parts  of 
the  carcase  of  a  pig,  or  of  other  edible  parts  of  a  pig,  which  has  not,  before  im- 
portation, been  salted  or  otherwise  prepared  as  ham  or  bacon,  which  is  not  and 
does  not  comprise  any  "  foreign  meat  of  Class  I.,"  and  which  is  contained  in 
a  package  with  an  official  certificate  impressed  thereon  or  affixed  or  attached 
thereto,  is  called  "  Foreign  Meat  of  Class  III."  Any  foreign  meat  other  than 
foreign  meat  in  any  of  the  forementioned  classes  is  denominated  "  Foreign 
Meat  Unelassed." 

According  to  Article  III. — (1)  the  officer  of  customs  on  a  ship  arriving 
within  the  district,  shall  ascertain  whether  the  cargo  comprises  any  foreign 
meat ;  (2)  where  he  finds,  or  has  reason  to  believe,  that  such  meat  of  Class  I.  or 
of  Class  II.  is  comprised  in  the  cargo,  he  shall,  by  a  notice  in  writing  to  the  ship- 
master or  to  the  importer,  require  that  such  meat  shall  not  be  removed  from 
the  ship  or  any  other  place  specified  in  the  notice,  imtil  it  has  been  examined 
by  the  Medical  Officer  of  Health,  and  he  shall,  at  the  same  time,  inform  the 
M.  O.  H.  to  the  effect  of  the  notice  ;  (3)  where  the  Customs  Officer  finds  that 
the  cargo  comprises  foreign  meat  of  Class  III.  or  Foreign  Meat  Unelassed,  he 
may  allow  the  meat  to  be  removed,  unless  he  is  of  opinion  that  the  meat 
requires  to  be  examined  by  the  M.  O.  H.,  in  which  latter  case  he  shall  proceed 
by  a  written  notice  and  otherwise  as  in  (2)  ;  (4)  where  any  notice  has  been 
given  in  relation  to  any  foreign  meat  in  pursuance  of  subdivision  (2)  or  (3)  of 
this  Article,  no  person  shall  remove  the  meat  from  the  ship  or  other  place 
specified  in  the  notice  without  the  express  permission  of  the  Customs  Officer, 
before  its  examination  by  the  M.  O.  H.  ;  (5)  when  informed  by  the  Custom.s 
Officer  as  to  the  effect  of  the  notice  given  in  respect  of  the  foregoing  sub- 
divisions, the  M.  O.  H.  shall  proceed  forthwith  to  examine  the  foreigii  meat 
to  which  the  notice  relates.  If,  thereafter,  the  M.  O.  H.  is  of  opinion  that 
the  meat  may  be  removed  to  a  place  of  destination  in  Scotland  for  any  purpose 
other  than  exportation,  he  shall  give  a  certificate  in  writing  to  that  effect, 
but  if  not  of  that  opinion,  he  shall  by  notice  in  writing  forbid  the  removal  of 
the  meat  for  any  purpose  other  than  exportation.  (G)  Every  certificate  and 
every  notice  given  by  the  M.  O.  H.  shall  describe  the  foreign  meat  to  which 
it  relates,  so  that  the  consignment  may  be  identified  ;  and  every  certificate 
shall  bo  in  duplicate,  and  every  notice  in  triplicate.  One  copy  of  the  certifi- 
cate shall  be  given  by  him  to  the  Customs  Officer  and  one  copy  to  the  importer 
One  copy  of  any  notice  shall  bo  given  by  him  to  each  of  tlieso  respectively 
and  one  copy  to  the  Local  Authority.  He  sliall  not  give  a  certificate  arid 
shall  give  a  notice  as  regards  Foreign  Meat  of  Class  I.  and  Foreign  Meat  of 
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Class  n.,  and  ho  shall  not  give  a  cortificato  and  shall  givo  a  notice  as  regards 
Foreign  Meat  of  Class  III.  or  Foreign  Moat  Unclaased  if,  in  his  opinion,  despite 
the  official  certificate,  the  meat  is  diseased,  unsound,  unwliolesome,  or  unfit 
for  human  consumption. 

Article  VI. — The  Local  Authority,  witliin  12  hours  after  receipt  of  a  copj' 
of  a  notice  by  the  M.  O.  H.,  in  pursuance  of  subdivision  (5)  of  Article  III., 
or  of  Article  IV.  (1)  [where  the  ^neat  having  been  removed  by  permission  of 
the  Customs  Officer  is  still  within  the  district,  and  where  the  M.  O.  H.  after 
examining  it  is  of  opinion  as  in  Article  III.  (5)],  shall  givo  notice  in  writing  to 
the  importer  which  shall  state,  inter  alia,  that,  unless  within  12  hours  after 
receipt  thereof  the  importer  gives  to  the  L.  A.  a  written  undertaking  that  he 
will  export  the  meat  at  his  own  expense,  or,  in  proceedings  before  a  Sheriff, 
etc.,  he  will  prove  (1)  that  the  meat  is  not  diseased,  etc.,  or  (2)  that  it  is  not 
intended  for  sale  for  human  consumption,  the  L.  A.  will  cause  the  meat  to  be 
destroyed  under  the  supervision  of  the  M.  O.  H.  VlHiere  no  written  under- 
taking by  the  importer  is  forthcoming  within  the  time  specified  in  the  notice, 
the  Local  Authority  shall  forthwith  cause  the  meat  to  be  destroyed  ;  but  if, 
on  the  other  hand  (Art.  VII.  (2)),  such  an  imdertaking  has  been  given,  and  not- 
withstanding such  undertaking,  the  meat  is  not  exported  by  the  importer, 
the  L.  A.  shall  forthwith  proceed  to  destroy  the  meat.  In  these  Regulations 
in  respect  of  foreign  meat  as  in  those  of  unsoimd  food,  provision  is  made  for 
the  appointment  by  the  L.  A.  of  a  legally  qualified  medical  practitioner  as 
substituted  for  or  assistant  to  the  M.  O.  H.,  and  of  a  person  to  act  under  his 
direction  in  the  execution  of  the  Regiilations  (Art.  XV.).  Two  or  more  Local 
Authorities  shall  combine  for  joint  action  respecting  these  Regulations  when 
called  upon  by  the  L.  G.  Board  so  to  combine. 

In  both  Regulations  provision  is  made  for  the  settlement  of  differences 
arising  out  of  the  same  by  arbitration  of  the  L.  G.  Board.  The  chemical  pre- 
servatives referred  to  which  are  forbidden  are  {a)  formalin,  or  a  solution  or 
preparation  of  formic  aldehyde  ;  (6)  compounds  of  fluorine  or  boron ; 
(c)  saHcylic  acid  ;  (d)  formic  acid  ;  (e)  sulphurous  acid  ;  (/)  benzoic  acid  ;  or 
{g)  any  compound  of  any  such  acids. 

Law  in  regard  to  Defective  or  Adulterated  Food  and  Drugs 

I.  The  Sale  of  Food  and  Drugs  Act,  1875. 
II.  The  Sale  of  Food  and  Drugs  Amendment  Act,  1879. 
III.  The  Sale  of  Food  and  Drugs  Act,  1899. 

These  three  Acts  are  to  be  read  together.    They  apply  to  Great  Britain  and 
Ireland. 

The  following  expressions  are  defined  in  these  Acts  as  foUow  : — 
"  Food  "  shall  include  every  article  used  for  food  or  drink  by  man,  other  than 
drugs  or  water,  and  any  article  which  ordinarily  enters  into  or  is  used  in  the  com- 
position or  preparation  of  human  food,  and  shall  also  include  flavouring  matters 
and  condiments.    (Act,  1899,  section  26.) 

"  Drug  "  shall  include  medicine  for  internal  or  external  use.    (Act,  1875, 
section  2.) 

"  Exhausted  Tea"  shall  mean  and  include  any  tea  wliich  has  been  deprived 
of  its  proper  quality,  strength,  or  vu-tue  by  steeping,  infusion,  decoction,  or 
other  means. 

"  Local  Authority  "  rneans  any  Local  Authority  authorised  to  appoint  an 
analyst  for  the  purposes  of  these  Acts,  and  the  expression  Public  Analyst  means 
an  analyst  so  appointed.    (Act,  1899,  .section  3,  sub-sections  (1)  and  (5).) 

By  a  General  Order  of  the  Scottish  Local  Government  Board  of  date  April 
17,  1900,  in  virtue  of  their  powers  under  the  latter  sub-section  of  section  3  of  the 
Act  of  1899,  it  is  laid  down  that  any  person  appouated  to  the  office  of  PubUc 
Analyst  on  and  after  Jan.  1,  1900,  shall  furnish  such  proof  as  the  Board  may  deem 
sufficient  of  his  competent  skill  in  and  knowledge  of  (a)  analytical  chemistry. 
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(b)  therapeutics,  and  (c)  microscopy ;  and  such  proof  shall  comprise  document- 
ary evidence  that  such  person  holds  the  requisite  certificate,  diploma,  licence, 
or  document,  conferring  the  quaUfication  or  attesting  the  possession  of  such 
necessary  skill  or  knowledge,  and  such  otlier  evidence  as  may  be  required  in 
any  particular  case. 

L  Provisions  of  Act  of  1876— the  principal  Act. 

Offences.  Section  3.  No  person  shall  mix,  colour,  stain,  or  powder,  or 
permit  or  order  any  other  person  so  to  do,  any  article  of  food  witli  any  ingredients 
or  material,  so  as  to  render  the  article  injm-ious  to  health  with  intent  that  such 
article  may  be  sold  in  that  state,  and  no  person  shall  sell  any  such  article  so 
mixed,  colom-ed,  etc.,  imder  a  penalty  in  each  case  not  exceeding  £50  for  the 
first  offence.  Every  conviction,  after  a  conviction  for  a  first  offence,  shall  be  a 
rnisdemeanour  [crime  or  offence  (Scotland)]  for  which  the  person  on  convic- 
tion shall  be  imprisoned  for  a  period  of  not  less  than  six  months  with  hard  labour. 

Tills  section  is  amended  and  extended  by  sub-section  2,  section  17,  of  the 
Act  of  1899,  to  the  effect  that  where,  imder  these  Acts,  a  person  is  guilty  of  an 
offence  hable  to  a  fine  larger  than  £50,  and  where,  in  the  opinion  of  the  court,  the 
offence  was  committed  by  the  personal  default,  act,  or  culpable  neghgence  of 
the  person  accused,  the  Court  may  sentence  the  accused  to  imprisonment  for 
not  more  than  three  months  with  or  without  hard  labour. 

Section  4.  No  person  shall,  except  for  the  purpose  of  compounding,  mix, 
colour,  stain,  or  powder,  or  order  or  permit  any  other  person  so  to  do,  any  drug 
with  any  ingredient  or  material  to  affect  injxiriously  the  quality  or  potency  of 
such  drug  ;  and  so  on,  as  in  preceding  section. 

Section  5.  Provided  that  no  conviction  shall  follow  in  either  of  the  fore- 
mentioned  sections,  if  the  person  shows  to  the  satisfaction  of  the  justice  or  Court 
that  he  did  not  know  of  the  article  of  food  or  drug  sold  by  him  being  so  mixed, 
coloured,  etc.,  and  that  he  could  not  with  reasonable  diligence  have  obtained  that 
knowledge. 

Section  6.  No  person  shall  sell  to  the  prejudice  of  the  purchaser  any  article 
of  food  or  any  drug  which  is  not  of  the  nature,  substance,  and  quality  of  the  article 
demanded  by  the  purchaser,  under  penalty  not  exceeding  £20,  provided  that  an 
offence  shall  not  be  deemed  to  be  committed  in  the  following  cases  :  

(1)  Where  any  matter  or  ingredient  not  injurious  to  health  has  been  added 
because  the  same  is  required  for  its  preparation  or  production  as  an  article  of 
commerce  in  a  state  fit  for  carriage  or  consumption,  and  not  fraudulently  to 
increase  its  bulk  or  conceal  its  inferior  quahty  ;  (2)  where  the  drug  or  food  is  a 
proprietary  medicine,  or  a  patent,  and  is  supphed  according  to  specification  ; 
(3)  where  the  food  or  drug  is  compoimded  as  in  this  Act  mentioned  ;  (4)  where 
the  food  or  drug  is  unavoidably  mixed  with  extraneous  matter  in  the  process  of 
collection  or  preparation. 

This  is  amended  by  the  Amendment  Act  of  1879,  section  2,  to  the  effect  that 
where  in  any  prosecution  under  section  6  of  the  Act  of  1875  any  sale  of  any 
substance  which  is  not  of  the  nature,  substance,  and  quality  of  the  article 
demanded  has  been  made,  it  shall  be  no  defence  to  allege  that  the  purchaser, 
having  bought  only  for  analysis,  was  not  prejudiced  by  such  sale  ;  nor  shall  it  be  a 
good  defence  to  prove  thai  the  article  of  food  or  drug  bought,  though  defective  in 
natiu-e  or  substance,  or  quality,  was  not  defective  in  all  three  respects. 

Section  7.  No  person  shall  sell  any  compoimd  food  or  compounded  drug, 
which  is  not  composed  of  ingredients  as  demanded  by  the  purchaser,  imder 
penalty  of  not  more  than  £20. 

Section  8.  No  person  shall  be  guilty  of  an  offence  who  sells  a  mixed  food  or 
drug,  if  the  ingredient  added  be  not  mjurious  to  healtli  and  is  not  mtended 
fraudulently  to  increase  its  bulk,  weight,  or  measme  or  to  conceal  inferior 
quality,  provided  that  at  tlie  time  of  delivery  he  shall  supply  a  notice,  by  a 
label  distinctly  and  legibly  written  or  printed  on  or  with  the  article  or  drug, 
to  the  effect  that  the  same  is  mixed.  Section  12  of  the  Act  of  1899  declares' 
that  the  label  referred  to  in  this  section  shall  not  bo  deemed  to  bo  distmctly  and 
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logihly  written  or  printed,  unless  it  is  so  written  or  printed  that  the  notice  of  the 
mixture  given  l>y  tlio  label  is  not  obsciu'od  by  other  niatt<ir  on  the  label.  But 
nothing  shall  affect  the  ase  of  any  trade-mark  or  of  any  label  wlu'ch  has  been  in 
usic  continuously  for  at  least  seven  years  before  the  coinmencerncnt  of  this  Act. 

Section  9.  It  sliull  bo  an  on'enco  for  a  person,  with  int<int  to  sell  any 
article  in  its  ulterod  state,  to  abstract  from  an  article  of  food  or  part  of  it,  so  as 
to  affect  in.jui-iously  its  f(uality,  substance,  or  nature,  or  sell  such  article  in  its 
altereil  state  without  making  disclosvu'e  of  such  alteration. 

Sections  10  and  11.  Deal  respectively  with  the  appointment  of  a  Public 
Analyst  by  Local  Authorities  singly  or  in  combination. 

Procedure  on  Suspicion  of  Adulteration. 

Section  12.  Any  pm-chaser  of  any  article  of  food  or  of  a  drug  in  any  place 
where  there  is  an  analyst  appointed,  on  pajonent  to  such  analyst  of  a  sum  not 
more  than  lOs.  6d.  or  if  there  be  no  such  analyst,  to  the  analyst  of  another 
place,  of  any  sum  as  may  be  agreed  upon  between  such  person  and  the  analyst, 
shall  be  entitled  to  have  the  article  analysed  by  such  analyst,  and  to  receive 
from  him  a  certificate  of  result  of  said  analysis  ;  and  (section  13)  any  officer 
appointed  and  paid  by  the  Local  Authority  may  procure  any  sample  of  food  or 
drugs  for  analysis. 

Section  14.  The  person  piu-chasing  any  article  for  analysis  shall,  after  pur- 
chase has  been  completed,  forthwith  notify  the  seller  or  his  agent  of  his  intention 
to  have  the  article  analysed,  and  shall  [offer  to]  divide  the  article  into  three  parts 
to  be  then  and  there  separated,  and  each  part  to  he  marked  and  sealed  or  fastened  up 
in  such  manner  as  its  nature  will  permit,  and  shall  [proceed  accordingly  and 
shall],  if  required  to  do  so,  deliver  one  of  the  parts  to  the  seller  or  his  agent.  He 
shall  retain  one  of  the  said  parts  for  future  comparison,  and  submit  the  third  part, 
if  he  deems  it  right  to  have  the  article  analysed,  to  the  analyst. 

{Note.  The  words  enclosed  in  square  brackets  in  this  section  were  repealed 
by  section  13  of  the  Act  of  1899. 

Where  the  article  is  bought  by  an  officer  of  the  Local  Government  Board  or 
of  the  Board  of  Agriculture  for  analysis,  it  must  be  divided  into  four  parts,  in 
terms  of  section  2  of  Act  of  1899. 

If  the  analyst  resides  beyond  two  miles  of  the  residence  of  the  person  requir- 
mg  analysis  of  any  article  so  bought,  such  person  may  forward  tlirough  the 
post  office  such  article  as  a  registered  [letter]  parcel. 

The  word  "  letter  "  was  repealed  by  the  Act  of  1899,  section  15,  and 
"  parcel  "  substituted  therefor.] 

Refusal  to  sell  officer  samples  for  analysis. 

Section  17.  If  any  officer,  etc.,  shall  apply  to  purchase  any  article  of  food 
or  drug  exposed  for  sale,  or  on  sale  by  retail,  on  any  premises  or  in  any  shop  or 
stores,  and  shall  tender  the  price  for  the  quantity  he  shall  reqiiu-e  for  the  purpose 
of  analysis,  and  the  person  exposing  the  same  for  sale  shall  refuse  to  sell  the 
same,  such  person  shall  be  Uable  to  a  penalty  of  not  more  than  £10. 

[This  section  is  amended  and  extended  by  section  18  of  the  Act  of  1899,  to 
the  effect  that  where  the  article  is  exposed  for  sale,  in  an  imopened  tin  or  packet 
duly  labelled,  the  exposer  shall  not  be  compelled  to  sell  it  except  in  that  form.] 

Section  18.  Deals  with  the  schedule  form  of  analyst's  certificate  which  in  the 
prescribed  form  is  a  condition  precedent  to  a  prosecution  and  to  a  conviction. 

Whore  a  person  has  received  from  the  analyst  a  certificate  regarding  the 
article  which  he  bought  and  submitted  to  the  analvst  for  analysis  to  the  effect 
that  an  offence  has  been  committed  vmder  this  Act,  he  may  take  proceedings 
agamst  the  seller  before  a  Sheriff  in  whose  jurisdiction  the  article  in  question  was 
fti^'T^^'^^t  prosecution  shall  not  be  instituted  after  the  expiration 

of  28  days  from  time  of  purchase,  and  the  smnmons  shall  state  particulars  of 
offence  alleged,  the  name  of  the  prosecutor,  and  with  it  shall  be  sent  a  cop^•  of 
the  certificate  of  the  analyst.    (Section  19  of  Act  of  1899.) 

The  production  of  the  analyst's  certificate  shall  be  prima  facie  evidence  of 
the  facts  therem  stated,  and  shall  bo  sufficient  evidence,  unless  the  defender 
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reqiiii-es  that  the  analyst  should  be  called  as  a  witness,  and  the  parts  of  the 
article  bought  which  have  been  retained  by  the  pvirchaser  be  produced.  De- 
fender and  his  wife  may  be  examined  on  defender's  behalf.  (Section  21.) 
(Also  Section  22,  Act  of  1899.) 

The  Sheriff  m  Scotland  or  the  justices  in  England  may,  on  request  of  either 
party,  cause  the  article  in  question  to  be  sent  to  the  Commissioners  of  Inland 
Revenue,  who  shall  dii-ect  then-  chemical  officers  at  Somerset  House  to  make 
the  analysis,  and  give  a  certificate  to  such  Sheriff  or  justices,  the  expense  of  the 
same  to  be  paid  by  the  prosecutor  or  defender  as  the  Sheriff  or  justices  may  by 
order  direct.    (Section  22.) 

The  Sheriff  or  Court  may,  without  any  such  request,  ca\ise  the  article  to  be 
sent  for  analysis  to  the  Inland  Revenue  Commissioners.  (Section  21,  Act  of 
1899.) 

In  any  prosecution  under  this  Act  the  defender  has  to  prove,  where  he  raises 
the  question  in  defence,  that  he  is  protected  by  any  provision  contained  in  the 
Act.    (Section  24.) 

When  Defenders  should  be  Discharged. — The  defender  is  to  be  discharged 
if  he  prove  that  he  had  bought  the  article  as  the  same  in  nature,  substance,  and 
quaUty  as  that  demanded  of  him,  and  with  a  written  warranty  to  that  effect,  that 
he  had  no  reason  to  beUeve  at  the  time  of  the  sale  that  the  article  was  otherwise 
than,  and  that  he  sold  it  in  the  same  state  as  when  he  purchased  it.  If  he  give 
due  notice  to  the  prosecutor  that  he  is  to  rely  upon  this  as  a  defence  he  shall  not 
be  Hable  to  costs  incurred  by  prosecutor.  (Section  25.)  Any  person  who  forges 
a  warranty,  or  falsely  issues  or  uses  any  writing  purporting  to  be  a  warranty, 
or  wilfully  gives  or  uses  a  label  which  falsely  describes  any  article  sold  by  him, 
shall  be  hable  to  penalties.    (Section  27.) 

Special  Provisions  as  to  Tea.— On  and  after  1st  Jan.  1876,  all  tea  imported  as 
merchandise  into  the  United  lOngdom  shall  be  subject  to  examination  by 
persons  appomted  by  the  Customs  Commissioners  for  inspection  and  analysis, 
and  if  analysis  shows  that  any  such  tea  is  mixed  with  other  substances  or  is 
exhausted  tea,  the  same  shall  not  be  delivered  imless  with  the  sanction  of  the 
said  Commissioners,  either  for  home  consumption  or  for  sliips'  stores  or  for 
exportation.  If  foimd  unfit  for  human  food,  it  shall  be  forfeited  and  destroyed, 
or  otherwise  disposed  of  as  the  Commissioners  may  determine.    (Section  30^) 

IL  The  Amendment  Act  of  1879,  has  for  its  main  provisions  the 
following : — 

Section  2  removes  the  defect  of  the  Act  of  1875  with  respect  fco  prejudice 
to  the  pin-chaser  where  an  article  was  bought  for  analysis.  ( Vide  section  6  of  Act 
of  1875,  p.  .539.) 

Provisions  with  Regard  to  Delivery  and  Sale  of  Millc.— Any  medical  officer  of 
health, samtarymspector,  inspector  of  weights  and  measures,  or  any  inspector  of 
a  market,  or  pohce  constable  appointed  by,  under  the  direction  of,  or  charged 
with  the  execution  of  this  Act,  by  the  Local  Authority,  may  procure  at  the  place 
of  delivery  any  sample  of  any  milk  in  course  of  delivery  to  any  purchaser  or  con- 
signee in  pursuance  of  any  contract  for  the  sale  of  such  milk,  and  if  he  suspects 
that  such  milk  is  beingsold  contrary  to  the  provisions  of  the  principal  Act  (1875), 
shall  submit  the  same  to  be  analysed,  and  on  conviction  penalties  shall  be  en- 
forced as  if  such  officer  had  purchased  the  same  from  the  seller  or  consignor  imder 
section  13  of  the  Act  of  1875  (.section  3).  Any  person  obstructmg  any  such 
officer  m  the  taking  of  sucli  samples,  or  refusmg  him  to  take  the  same,  shall  be 
hable  to  a  penalty  (section  4).  Section  14  of  the  Act  of  1899  enacts  that  the 
provisions  of  the  foregoing  sections  3  and  4  shall  apply  to  every  other  article  of 
food  ;  provided  that  no  samples  shall  be  taken  under  s.  14  of  the  Act  of  1899, 
except  upon  the  request  or  with  the  consent  of  the  pui-chaser  or  consignee.' 
Any  street  or  open  place  of  public  resort  shall  be  held  to  come  within  the  mean- 
ing of  section  1  7  of  the  Act  of  1875  (vide  ante).    (Section  6.) 

Provisions  with  Regard  to  Alcoholic  Liquors.— In  determinmg  whether  an 
ottenco  lias  been  committed  under  section  6  of  the  principal  Act  [vide  ante)  by 
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selling  spirits  not  aclultoratod  otherwise  tlian  by  admixture  of  water,  it  shall  ha 
a  good  defence  to  prove  that  such  admixture  has  not  reduced  the  spirit  more 
tlian  twenty-five  degrees  under  proof  for  brandy,  wliisky,  or  rum,  or  tliirty-live 
degrees  imder  proof  for  gin.    (Section  0.) 

Note. — Proof  Spirit,  as  definedjby  the  58  Geo.  III.,  is  "  such  as  shall,  at  the 
temperature  of  10°  C,  weigh  exactly  twelve-thirteenth  parts  of  an  equal 
meusiu-e  of  distilled  water."  In  accordance  with  the  standards  set  in  the  pre- 
ceding section,  brandy,  whisky,  and_^rum  should  not  contain  less  than  36  per 
cent,  of  absolute  alcohol  by  weight,  and  04  per  cent,  of  water  ;  and  gin,  30-78 
per  cent,  of  absolute  alcohol  by  weight,  and  69-22  per  cent,  of  water. 

The  remaining  sections  8  and  10  have  been  repealed  by  the  Act  of  1899,  and 
sections  7  and  9  deal  with  legal  points. 

III.  Sale  of  Food  and  Drugs  Act,  1899. 

Tliis  Act  was  passed  to  amend  and  extend  the  provisions  of  the  former  Food 
and  Drugs  Acts,  1875  and  1897,  and  the  Margarine  Act,  1887.  We  have  already 
incorporated  in  their  proper  place  the  provisions  of  this  Act  which  amend  the 
previous  Acts.  It  is  sufficient  now  to  indicate  the  new  groimd  covered  by  this 
Act. 

1.  Precautions  regarding  Insufficient  Marking  of  Imported  Foods.— If  there 
be  imported  into  the  United  Kingdom  any  of  the  following  articles — 

(a)  Margarine  or  margarine-cheese,  except  in  packages  conspicuously 
marked  Margarine  or  Margarine-cheese,  as  the  case  may  require  ;  or 

(6)  Adulterated  or  impoverished  butter  (other  than  margarine)  or  adulter- 
ated or  impoverished  milk  or  cream,  except  in  packages  or  cans  con- 
spicuously marked  with  a  name  or  description  indicating  that  the 
butter,  milk,  or  cream  has  been  so  treated  ;  or 

(c)  Condensed,  separated,  or  skimmed  milk  except  in  tins  or  other  receptacles 

which  bear  a  label  whereon  the  words  machine-skimmed  milk  or 
skimmed  milk  as  the  case  may  require,  are  printed  in  large  and  legible 
type  ;  or 

[d)  Any  adulterated  or  impoverished  article  of  food  to  wliich  liis  Majesty 

may  by  order  in  Council  direct  that  tMs  section  shall  be  applied,  imless 
the  same  be  imported  in  packages  or  receptacles  conspicuouslymarked 
with  a  name  or  description  indicating  that  the  article  has  been  so 
treated ; 

the  importer  shall  be  Uable  on  summary  conviction  to  monetary  penalties. 

The  word  "  importer  "  shall  mean  the  person  in  possession  of  or  in  anywise 
entitled  to  the  custody  or  control  of  the  article.  Prosecutions  under  this 
section  shall  be  undertaken  by  the  Commissioners  of  Customs,  who  shall,  after 
consultation  with  the  Board  of  Agriculture,  (1)  take  samples  of  consignments, 
(2)  divide  such  sample  into  not  less  than  three  parts,  send  one  to  the  importer, 
one  to  the  chief  chemist  of  the  Government  Laboratories,  and  retain  one  part. 
The  certificate  of  the  principal  chemist,  in  any  action  under  tliis  section,  shall 
be  sufficient  evidence  of  the  facts  therein  stated  unless  the  defender  requires 
that  the  analyst  shall  be  called  as  a  witness.  If  the  Commissioners  are  of  opinion 
that  an  offence  has  been  committed,  they  shall  conmnmicate  to  the  Board  of 
Agriculture  the  name  of  the  importer  and  such  other  facts  as  they  possess  or 
may  obtain  as  to  the  destination  of  the  consigmnent. 

Any  article  shall  be  deemed  to  be  adulterated  or  impoverished  if  it  has  been 
mixed  with  any  other  substance,  or  if  any  part  of  it  has  been  abstracted,  so  as  in 
either  case  to  affect  injuriously  its  quality,  substance,  or  natiu-e  ;  but  no  food 
shall  be  deemed  to  be  adulterated  by  the  addition  only  of  any  preservative 
or  colouring  matter  of  such  a  nature  and  in  such  quantity  as  not  to  render  the 
article  injurious  to  health.    (Section  1.) 

The  Local  Government  Board  may,  relative  to  any  matter  affecting  the 
general  interest  of  consumers,  and  the  Board  of  Agriculture,  relative  to  any 
matter  affecting  the  general  interests  of  agriculture  in  the  United  Kingdom, 
direct  an  officer  to  procure  for  analysis  samples  of  any  article  of  food,  who  shall 
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have  all  the  powers  of  procuring  samples  imder  the  Sale  of  Food  and  Drugs 
Acts,  except  that  such  officer  shall  divide  any  sample  into  four  parts,  and  shall 
deal  with  three  of  such  parts  in  accordance  with  section  14  of  the  Act  of  1875 
(vide  ante,  p.  531),  as  amended  by  this  Act,  and  shall  send  the  fourth  part  to  the 
Board,  and  the  Board  shall  communicate  the  result  of  analysis  of  any  such 
sample  to  the  Local  Authority,  who  shall  take  such  proceedings  as  if  they  them- 
selves had  caused  such  analysis  to  be  made.    (Section  2.) 

It  shall  be  the  duty  of  every  Local  Authority  entrusted  with  the  execution  of 
the  laws  relating  to  the  Sale  of  Food  and  Drugs  Acts  to  appoint  a  public  analyst, 
and,  from  tune  to  time,  to  put  in  force  the  powers  with  which  they  are  invested.' 
Should  the  Local  Authority  fail  so  to  put  their  powers  in  force,  the  Local  Govern- 
ment Board  or  the  Board  of  Agriculture  may,  after  communication  with  such 
Local  Authority,  empower  an  officer  of  the  Board  to  execute  and  enforce  the 
provisions  of  the  law,  and  any  expenses  mcurred  by  the  Board  in  this  way  shall 
be  paid  by  the  defaulting  Local  Authority. 

Any  pubUc  analyst  appointed  imder  these  Acts  shall  furnish  such  proof  of 
competency  as  may  be  required  by  regulations  framed  by  the  Local  Government 
Board.    (Section  3.) 

The  Board  of  Agriculture  may  make  regulations  for  determining  what 
deficiency  in  any  of  the  normal  constituents  of  genuine  millc,  cream,  butter, 
or  cheese,  or  what  addition  of  extraneous  matter  or  proportion  of  water  in  any 
sample  of  milk  (including  condensed  milk,  cream,  butter,  or  cheese)  shall  for 
these  Acts  raise  a  presumption,  imtil  the  contrary  is  proved,  that  the  same  is 
not  genuine  or  is  injurious  to  health,  and  an  analyst  shall  have  regard  to  any 
such  regulations  in  certifying  the  result  of  any  analysis  under  those  Acts. 
Any  regulations  so  made  shall  be  notified  ux  the  London  and  Edinburgh  Gazettes, 
and  in  any  other  manner  the  Board  may  decide.    (Section  4.) 

In  virtue  of  this  section  the  Board  of  Agriculture,  in  the  Sale  of  Milk 
Regulations,  1901,  have  laid  down  that— 

(a)  Milk  containing  less  than  3  per  cent,  of  milk-fat  or  less  than  8-5  per  cent, 
of  milk-sohds  not  fat,  and  skimmed  or  separated  milk  (other  than  condensed 
milk)  contammg  less  than  9  per  cent,  of  total  milk-solids,  is  to  be  presumed  not 
to  be  genuine  : — 

And  by  the  Sale  of  Butter  Regulations,  1902,  that— 

(b)  Butter  containing  more  than  16  per  cent,  of  water  is  to  be  presumed  not 
to  be  genmne. 

As  has  abeady  been  pointed  out,  the  provisions  of  the  Margarine  Act, 
extend  to  margarine-cheese,  and  packages  containing  any  such  sub- 
stance shall  be  conspicuously  branded  with  the  words  "  margarine-cheese  " 
on  the  package  itseH  and  not  on  a  label,  ticket,  or  other  thing  attached  thereto, 
the  letters  to  be  capital  block  letters  not  less  than  half-an-inch  long,  and  to  be 
(Section  6  )         '  ^"^^  printed  matter  shall  appear  on  the  wi-apper. 

A  J^gjstration  of  manufactories  provided  for  in  section  9  of  the  Margarine 
Act,  1887,  IS  extended  to  registration  of  premises  of  wholesale  dealers  in  mar- 
garme  and  margarine-cheese,  and  it  is  obUgatory  for  every  occupier  of  such 
place  to  keep  a  register  showing  the  quantity  and  destination  of  each  consign- 
ment sent  out  (vide  ante,  p.  531).    (Section  7.) 

For  the  provisions  of  sections  8, 10,  and  25  of  the  Acts  1887-89,  see  pp.  531-2 
It  is  forbidden  under  a  penalty  for  any  person,  or  his  servant,  in  any  high- 
way or  place  of  public  resort  to  sell  milk  or  cream  from  a  vehicle  or  from  a  can 
or  other  receptacle  unless  his  name  and  address  be  conspicuously  inscribed  on 
the  vehicle  or  receptacle.    (Section  9.) 

Where  a  sample  of  milk  is  taken  in  course  of  delivery,  or  of  margarine  or 
margarme-cheese  from  a  public  conveyance,  the  person  taking  the  sample 
shall  f.,rward  by  registered  parcel  or  otherwise  a  portion  of  the  sample  marked 
an,  sealed  or  fastened  up  to  the  consignor,  if  his  name  appears  on  the  can  or 
package  from  which  the  sample  was  taken.    (Section  10.) 
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Evovy  till  or  (jthor  rocoptacio  containing  condensed,  separated,  or  skimmed 
milk  must  boar  a  label  clearly  visible  to  tlie  pm-cliaser  on  which  the  words 
"  ■machine-skimmed  milk,''  or  "  skimmed  milk,"  as  the  case  may  require,  are 
printed  in.  large  and  legible  type,  and  any  person  contravening  these  provisions 
shall  be  guilty  of  an  offence,  and  be  liable  to  a  penalty  of  £10.    (Section  11.) 

A  time-limit  lias  been  placed  for  proceeding  in  offences  under  these  Acts  in 
section  19  of  this  Act,  which  enacts  that  whore  any  article  has  Ijeon  purchased 
from  any  person  for  test-purposes,  any  prosecution,  notwithstanding  the 
provisions  of  section  20  of  the  Act  of  1875,  shall  not  bo  instituted  after  the 
expiration  of  twenty-eight  days  from  time  of  purchase,  and  in  the  summons 
to  bo  served  on  any  defender  there  shall  be  stated  (1)  particulars  of  the  offence 
or  offences  alleged,  (2)  tlie  name  of  the  prosecutor,  and  (3)  there  shall  accom- 
pany the  summons  a  copy  of  the  analyst's  certificate.  Such  summons  shall 
not  be  retmnable  in  less  than  fourteen  days  from  day  of  service.    (Section  19.) 

A  warranty  or  invoice  shall  not  be  available  as  a  defence  in  proceedings 
under  these  Acts  unless  the  defender  has,  within  seven  days  after  service  of 
summons,  sent  to  the  purchaser  a  copy  of  such  warranty  or  invoice  with  a 
written  notice  stating  that  he  intends  to  rely  on  the  same,  and  specifying  the 
name  and  addi-ess  of  the  person  from  whom  he  received  it,  and  has  also  sent  a 
like  notice  of  his  intention  to  such  person.  The  person  to  whom  such  warranty 
or  invoice  is  alleged  to  have  been  given  shall  be  entitled  to  appear  at  the  hearing 
and  to  give  evidence,  and  the  Court  may  adjom-n  the  hearing  to  enable  him  to 
do  so.  Any  warranty  or  invoice  given  by  a  person  resident  out  of  the  United 
Kingdom  shall  not  be  available  as  a  defence,  imless  the  defender  proves  that 
he  had  taken  reasonable  steps  to  ascertain,  and  did  in  fact  believe  in,  the  ac- 
curacy of  the  statement  contained  in  the  warranty  or  invoice.  Wliere  a  de- 
fender is  the  servant  of  the  person  who  purchased  the  article  under  a  warrant3' 
or  invoice,  he  shall,  subject  to  the  provisions  of  this  section,  be  entitled  to  rely 
on  section  25  of  the  Act  of  1875,  and  section  7  of  the  Margarine  Act,  1887,  in 
the  same  way  as  his  employer  or  master  would  have  been  entitled  to  do  if  he 
had  been  the  defender,  provided  further  that  the  servant  shall  prove  that  he 
had  no  reason  to  believe  that  the  article  was  otherwise  than  that  demanded  by 
the  prosecutor.  Every  person  who  gives  a  false  warranty  in  writing  shall  be 
liable  to  penalties  on  conviction. 


CHAPTEE  XVIII 


DISEASES  OF  OCCUPATIONS 

Effects  of  Occupation  on  Health.— Of  the  many  factors  the  sum  of 
which  determmes  the  condition  of  health  and  longevity  of  man,  perhaps 
none  is  so  potent  as  that  of  his  daily  occupation.  This  is  as  true  of 
man  as  an  individual  as  of  man  in  the  mass.  The  evil  effects  of  occupa- 
tion arise  very  largely  from  the  grouping  of  workers  under  entirely 
artificial  conditions  in  factories,  yards,  and  workshops.  Coupled  with 
artificial  environment  are  the  high  pressure  and  competition  of  the 
labour  market,  which  act  as  a  contributory  strain  on  workmen,  especi- 
ally upon  those  who  are  engaged  in  contract  work  or  "  piece  "  work,  in 
which  the  wages  are  determined  not  by  the  time  occupied  in  the  work, 
but  by  the  products  which  the  workman  can  finish  in  a  given  time. 

Centralisation  of  population  in  towns  and  cities,  due  to  the  attrac- 
tion of  higher  wages  and  outlets  for  employment  for  families  and 
centralisation  of  labour,  have  mutually  interacted  upon  each  other  to 
assist  in  producing  results  inimical  to  the  health  of  the  employed 
These  effects  have  been  appreciated  by  the  Legislature  in  the  Factories 
and  Workshops,  the  Dangerous  Trades,  and  other  Acts  in  which  the  young 
and  the  female  sex  are  so  far  protected  against  protracted  hours  of 
labour,  and  against  accidents  by  machinery,  and  in  which  also  the 
health  of  employees  is  conserved  by  compulsory  sanitary  conditions 
of  workshops  and  factories.  This  is  especially  true  of  productive 
industries  in  which  the  commodity  is  made  out  of  the  raw  material. 
Practically  no  change  is  apparent  in  primitive  occupations,  as  farming, 
fishing,  etc.,  except  in  the  former  of  the  more  extended  use  of  labour- 
saving  machinery,  since  these  calhngs  must  of  necessity  be  followed 
in  the  open  air ;  and  although  in  these  the  conditions  of  employment 
generally  are  more  conducive  to  health,  they  have  at  the  same  time 
attendant  hardships  and  disabilities  which  are  productive  of  disease. 

It  has  been  computed  that  there  are  about  12,000  different  occupa- 
tions. This  large  number  is  doubtless  due  in  large  measure  to  the 
great  subdivision  of  labour  which  has  become  the  characteristic  feature 
of  employment  during  the  past  half-century. 

All  occupations  may,  however,  be  divided  into  three  great  classes, 
if  we  adopt  as  the  means  of  classification  the  bodily  powers  which  are 
chiefly  involved  therein— viz.  (1)  those  in  which  the  nervous  system  is 
most  employed  ;  (2)  those  in  which  the  muscular  system  ;  and  (3)  those 
in  which  both  in  varying  grades  of  combination  are  called  into  play. 
To  the  first  class  belong  brain-workers  generally,  as  authors,  com- 
posers, teachers,  and  professional  men ;  to  the  second,  the  "  hewers  of 
wood  and  drawers  of  water,"  as  labourers,  navvies,  quay-porters,  and 
others  of  like  classes  ;  and  to  the  third,  all  classes  of  workmen  who 
2  m  645 
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unite  skill  with  handicraft  in  their  occupation,  and  in  varying  degree. 
It  would  probably  be  correct  to  say  that  the  largest  proportion  of  the 
army  of  tlie  employed  belongs  to  this  last  class. 

But  another  subdivision  may  be  adopted — viz.  with  relation  to  tli< 
harmful  effects  which  are  produced  by,  or  are  incidental  to,  occupy i 
tions.    Ogle  gives  an  excellent  working  classification  on  this  basis. 
He  divides  occupations  as  follows  :— 

I.  Where  the  workman  adopts  a  cramped  or  constrained  attitude 

during  work,  which  prevents  the  healthy  action  of  lungs 

and  heart. 

II.  Where  he  is  exposed  to  the  action  of  poisonous  or  irritating 
substances  used  in  the  trade. 

III.  Where  he  is  called  upon  to  work  excessively  and  irregularly, 

either  mentally  or  physically. 

IV.  Where  he  is  compelled  to  work  in  confined  places  in  w^hich  the 

air  is  either  initially  foul  or  is  likely  to  become  so. 
V.  Where  from  the  nature  of  the  occupation  he  is  liable  to 

contract  harmful  habits. 
VI.  Where  he  is  especially  subject  to  risks  to  life  from  accident. 
VII.  Where  he  works  in  atmospheres  which  contain  floating  par- 
ticulate matter.    To  these  may  be  added  another — viz. 
VIII.  Where  he  is  required  to  work  in  abnormal  atmospheric 
pressures. 

As  examples  of  the  first  may  be  cited  the  occupations  of  coal  and 
ore-mining,  clerk,  seamstress,  hand-loom  weaver,  lace-maker  (on 
cushions),  glover,  shoemaker  (on  the  last),  and  of  bench  or  machine 
workers  in  a  sitting  or  other  cramped  attitude  generally.  In  all  of 
these,  more  or  less  pressure  is  exercised  on  the  chest,  often  most  marked 
in  the  occupation  of  shoemaking  by  hand,  and  in  which  markedly 
permanent  indentation  of  the  sternum  is  produced,  due  to  the  direct 
pressure  of  the  last.^ 

Of  the  second  class  are  workers  in  arsenic,  mercury,  zinc  and  copper, 
lead,  "  chrome,"  phosphorus,  chemical  workers  exposed  to  fumes  of 
chlorine  and  sulphur  gases,  rubber  workers  to  the  vapours  of  carbon 
bisulphide,  and  other  workers  whose  atmospheres  are  composed  largely 
of  vapours  of  tar,  pitch,  or  resin,  and  others.  Workers  in  cement 
factories  are  liable,  like  workers  in  chrome,  to  perforation  of  the  carti- 
laginous nasal  septum.^ 

Of  the  third  class,  dock  labourers,  porters,  stevedores,  nawnes, 
engmeers,  and  athletes  generally  may  be  taken  as  representatives. 
It  has  been  clearly  demonstrated  that  greater  harm  results  from  severe 
and  inconsecutive  than  from  steady,  continuous,  though  severe  work. 
Where  the  muscular  strain  is  confined  solely  to  certain  groups  of  muscles, 
as  in  shorthand  writers,  pressmen  and  journalists,  musicians,  tele- 
graphists, and  others,  special  ill  effects,  as  writer's  cramp,  are  apt  to 
follow.  From  the  mental  side,  ill  effects  are  likely  to  arise  where  in 
pressmen  and  journalists  "  copy  "  has  to  be  produced  against  time, 
or  under  exciting  conditions. 

>  Lane,  "  Anatomy  and  Physiology  of  the  Shoemaker"  I  Jour,  of  Anat.  and 
Phya.,  July,  1888,  vol.  xxii.,  p.  593). 

«  Foulerton,  Lancet,  vol.  ii.,  1889,  p.  314. 


DISEASES  OF  OCCUPATIONS 


547 


Tailors,  hatters,  slop-workers,  seamstresses,  bookbinders,  printers, 
laundresses,  and  shopkeepers  as  grocers  and  drapers  may  be  considered 
as  typical  of  the  fourth  class,  inasmuch  as  they  work  usually  in  con- 
fined and  often  foul  air  spaces. 

Of  the  fifth  class,  in  which  vicious  habits  are  liable  to  be  contracted 
from  materials  used  or  products  manufactured  in  the  occupation,  the 
callings  of  innkeeper,  brewer  and  distiller,  barman  and  barmaid,  and 
of  Uquor  dealers  generally,  carry  with  them  the  temptation  to  contract 
the  alcohoHc  habit ;  that  of  cigar,  cigarette,  and  tobacco  manufacturer, 
the  abuse  of  tobacco ;  and  that  of  druggist,  the  use  of  opium,  cocaine, 
ether,  or  other  drugs,  which  when  the  habit  is  contracted  becomes 
prejudicial  to  health. 

To  the  sixth  class  more  or  less  belong  all  occupations.  But  cer- 
tain of  them  are  necessarily  attended  by  greater  danger  from  accident 
than  others,  such  as  mining  or  quarrying  from  the  use  of  explosives, 
the  efiects  of  explosion  of  gases  and  of  falls  of  material  in  railway 
working,  ship-building,  house-construction,  in  connection  with  machinery 
generally,  and  in  the  manufacture  of  fireworks  and  the  higher  ex- 
plosives. 

The  seventh  class  embraces  a  large  number  of  occupations,  and  the 
factor  common  to  them  all  which  is  provocative  of  harm  is  particulate 
matter  in  suspension  in  the  working  atmosphere,  and  which  when 
inhaled  into  the  respiratory  passages  produces  lung-diseases,  or  when 
deposited  upon  the  skin  causes  diseases  of  the  skin.    The  efiects  which 
are  produced  depend  upon  the  nature  of  the  particulate  matter  ;  in 
respect  whether  it  is  organic  or  inorganic,  living  or  dead,  and  as  to 
whether  its  action  is  purely  mechanical  or  is  pathogenic.    Where  the 
action  is  purely  mechanical,  the  character  of  the  air-particles  deter- 
mines in  great  measure  the  intensity  of  the  resulting  harm  both  as  to 
time  and  amount.     The  dust  particles  found  in  this  class  of  occupa- 
tions may  be  divided  into  those  that  are  :  (a)  sharp  and  angular,  (&) 
blunt  and  smooth,  and  (c)  filamentous.    In  the  following  trades  sharp 
particles  are  present — viz.  steel-grinder  (dry  process),  stone-cutter, 
sand-  or  glass-paper  maker,  potter,  button-maker,  file-maker  (by 
hand),  ore  miner,  quarrier,  and  gannister- worker ;   in  the  following, 
blunt  and  smooth  particles — viz.  wood  or  ivory  turner,  sawyer,  collier' 
miller,   baker,   foundry-worker,   chimney-sweep,   and  many  others ; 
and  filanientous,  in  those  of  hemp-dressing,  flax-working,  hair-  and 
wool-sorting,  warehouseman,  draper,  cotton-spinner,  wool-carder,  and 
others.    It  may  be  held  as  expressive  of  a  general  principle,  that  the 
sharper  the  particles  present  in  the  atmosphere  and  inhaled  by  the 
workman,  the  more  rapid  the  progress  and  the  more  severe  the  character 
of  the  lung-disease  induced.     In  steel-grinding  by  the  dry  process 
the  mortality  of  employees  is  exceedingly  high,  and  the  rapidity  of  the 
disease  finds  expression  in  the  popular  name  by  which  the  results  are 
designated— viz.  grinders'  rot.    Of  non-metallic  particulate  bodies, 
probably  the  next  most  disastrous  in  its  efiects  is  that  from  the  working 
of  gannister  stone,  which  is  a  very  compact,  highly  silicious  rock  found 
in  various  parts  of  England,  and  which  is  used  for  making  bricks  which 
withstand  very  high  temperatures.    The  hardness  of  the  rock  is  such 
that  it  must  be  mainly  removed  by  dynamite.    All  those  employed  in 
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the  industry,  and  especially  the  grinders,  are  subject  to  lung-disease, 
from  which  the  mortality  is  high  because  of  the  lethal  action  of  its 
sharp  particles.    For  each  lOOU  men  employed,  the  death-rate  of  iniuei's 
is  at  the  rate  of  42-3;  of  grinders,  179-8;  and  of  brick-makers,  22-2. 
These  figures    alone   illustrate   by  comparison   that  a  dust-laden 
atmosphere  is  the  most  dangerous  even  in  employment  of  the  same 
material  for  different  purposes.    The  reader  will  obtain  valuable 
information  on  this  subject  under  the  following  reference.^    The  evil 
results  of  substances  deposited  upon  the  skin  are  occasionally  seen  in 
persons  engaged  in  the  soot  traffic  as  chimney-sweep's  cancer,  in  paraffin 
workers  as  skin  diseases,  and  they  are  commonly  found  in  chrome- 
workers  as  ulcerative  and  perforative  disorders  of  the  nasal  septum, 
and  as  "  chrome  holes  "  in  the  form  of  deep  ulcers  of  hands  and  arms 
or  other  part  of  body.    It  is  necessary,  however,  to  differentiate  between 
the  mechanical  action  of  such  particles,  and  the  pathogenic  action 
which  may  arise  from  some  of  them.    The  latter  influence  may  very 
well  be  illustrated  in  the  occupations  of  hair-,  wool-,  and  hide-sorting, 
and  others  with  relation  to  anthrax,  and  rag-sorting  and  paper-making 
with  relation  to  smallpox.    While,  according  to  Bollinger,^  disease 
originating  from  wool  treated  at  the  tapestfy-works  of  Montpellier 
was  known  as  far  back  as  1769,  the  credit  of  calling  attention  in  this 
country  to  the  serious  risks  of  wool-sorting  must  be  accorded  to  Dr 
Bell  of  Bradford,  who  with  considerable  acumen  associated  outbreaks 
of  disease  with  certain  classes  of  foreign  wool,  notably  those  from 
Eussian  Tartary.    The  Eeport  of  the  Medical  Officer  of  the  Local 
Government  Board  for  1880  gives  an  excellent  review  of  the  whole 
subject,  and  the  Eeport  of  the  Chief  Inspector  of  Factories  for  the  same 
year  an  account  of  the  prophylactic  measures  proposed  to  be  established 
against  the  disease  for  the  protection  of  workmen.    These  measures 
are,  generally,  that  all  suspicious  or  filthy  bales  of  wool  or  hair  should  be 
steeped  and  thoroughly  soaked  in  cold  w^ater,  should  thereafter  be 
placed  in  hot  soapy  water  and  be  washed,  should  then  be  passed  through 
rollers  to  express  the  excess  of  water,  and  that  they  should  then  be 
sorted.    Such  procedure  prevents  the  formation  and  spread  of  dust  in 
which  the  spores  of  B.  anthraeis  might  be  present.    Further,  the  working- 
places  are  to  be  well  ventilated,  the  floors  swept  daily,  the  walls  and 
ceiling  once  in  three  months,  and  once  a  year  the  walls  are  to  be  lime- 
washed  with  lime  containing  carbolic  acid.    Provisions  are  to  be  made 
whereby  the  sorters  may  wash  before  meals,  and  it  is  enjoined  that 
no  workman  should  take  into  or  eat  in  any  sorting-room  any  food. 
In  the  outbreak  which  occurred  in  a  hair-factory  near  Glasgow,"^  and  of 
which  an  account  was  written  by  Dr  Eussell,  then  Medical  Officer  of 
Health  for  the  city,  in  the  Eepoii;  of  the  Medical  Officer  of  the  Local 
Government  Board  (England)  for  1878-1879  (Eighth  Eeport),  several 
deaths  resulted.    Vide  also  (Scott),  B.  M.  J.,  vol.  ii.,  1900,  p.  136. 
In  hair-manufactories  to  prevent  the  diffusion  of  dust,  short  hair  is 
treated  in  an  enclosed  machine,  which  is  connected  with  a  ventilating 
shaft  by  which  particulate  matter  is  carried  away  from  the  working- 
places.    Eag-sorting  and  paper-making  are  attended  also  with  risk 
*  Journ.  San.  Inst.,  vol.  xxi.,  Piirt  i.,  p.  tiG. 
^  Ziemssen's  Encyc.  of  Med. 
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froin  floating  micro-organisms  given  off  into  the  atmosphere  from 
fllthy  fabrics.  Outbreaks  of  smallpox  have  been  caused  on  several 
occasions  in  this  way ;  one  in  a  paper-work  in  the  neighbourhood  of 
Edinburgh,  another  in  the  neighboui-hood  of  Glasgow,  and  a  third  in 
central  Lanarkshire  in  1889.  Other  outbreaks  from  different  organisms 
have  also  been  recorded  from  these  occupations.  Such  an  outbreak 
occurred  at  Kiga  in  a  paper-manufactory,^  from  which  fatal  results 
arose  m  some  of  those  attacked.  In  the  blood  and  tissues  of  those 
who  died  were  found  micro-organisms,  both  bacilli  and  cocci,  the  former 
corresponding  to  Koch's  bacillus  of  malignant  oedema. 

To  the  eighth  class  belong  a  very  limited  number  of  occupations, 
as  bridge-pier  building  (in  caissons),  diving,  workers  generally  under 
abnormally  high  atmospheric  pressure,  and  ballooning  and  mountain- 
chmbmg  in  high  altitudes  from  atmospheric  rarefaction—if  such  can 
be  classified  under  the  heading  of  occupation.    Where  the  occupation 
is  carried  on  under  increased  atmospheric  pressure,  arrangements  must 
be  made  at  the  entrance  to  the  working  parts  whereby  the  air-pressure 
may  be  gradually  raised  to  the  pressure  of  the  working  parts  before  the 
workmen  are  allowed  to  enter,  and  may  again  be  gradually  reduced 
before  the  workmen  are  permitted  to  return  to  the  normal  atmospheric 
pressui-e.    The  mode  by  which  this  is  attained  is  a  metal,  air-tight 
chamber,  or  air-lock  as  it  is  called,  provided  with  suitable  valves  whereby 
the  pressure  is  raised  or  lowered.    The  pressure  in  the  working  parts 
may  vary  from  one  half  to  three  or  four  atmospheres  of  pressure  above 
normal,  the  amount  of  pressure  used  in  any  of  the  above  operations 
being  determined  by  the  depth  of  the  working  and  the  kind  of  material 
which  IS  to  be  kept  out  of  the  working  parts.    Various  ill  effects  and 
even  death  itself  arise  from  these  occupations.    The  chief  effects  are  the 
following — viz.  oozing  of  blood  from  raouth  or  nose,  rupture  of  tym- 
panum or  tympani,  muscular  pains  an(i  swellings  of  limbs  and  joints, 
vomiting,  headache,  giddiness,  and  paralysis  of  lower  limbs,  sensory 
and  motor,  which  manifest  themselves  on  decompression.  For  further 
information  the  reader  is  referred  to  Snell's  work  on  "  Compressed  Air 
Illness,"  which,  besides  giving  a  full  account  of  his  experiences  during 
the  construction  of  the  Blackwall  Tunnel,  London,  includes  the  biblio- 
graphy of  the  subject.    {Vide  also  p.  101.) 

The  student  who  desires  to  pursue  the  subject  in  greater  detail  is 
referred  to  the  works  of  Arlidge,  Oliver,  and  others  on  trade-diseases. 

Occupational  Mortality.— The  latest  returns  for  England  and  Wales 
are  based  on  the  Census-returns  of  1901,  and  the  deaths  of  males  actually 
employed  or  on  the  retired  list  during  1900-1902.    In  previous  returns 
the  statistics  related  exclusively  to  those  who,  at  time  of  enumeration, 
were  found  to  be  following  a  definite  employment.    The  returns  for 
1901  include  for  the  first  time  persons  on  the  retired  list.    The  tables 
in  these  returns  are,  however,  so  arranged  that  one  series  relates  to  the 
occupied  only,  to  enable  comparisons  to  be  made  with  previous  returns, 
and  a  second  series  i-elates  to  the  retired  as  well  as  to  the  occupied.' 
The  1901  returns  omit  certain  occupations  owing  to  indefiniteness  of 
statement  of  occupation  either  in  the  Census-returns  or  in  the  death- 
registers.    These  are  (1)  mine-service,  (2)  artisan,  mechanic  ;  and  (3) 
^  British  Med.  Jour.,  1887,  vol.  i.,  p.  343. 
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factory  labourer.  Other  occupations  liave  been,  however,  added ;  these 
being  domestic  coachman,  groom,  tramway-service,  coal  and  coke  mer- 
chant ordealer,  lithographer,  copper  and  steel  plate  printer,  furrier,skinner, 
cycle  and  motor  manufacture,  civil  service  officers  and  clerks  and 
messengers,  etc.,  gamekeeper,  india-rubber  and  gutta-percha  worker, 
waterproof  goods  maker,  brush  and  broom  maker,  hair  and  bristle  worker. 
In  working  out  the  details  of  these  returns,  it  was  necessary  to  ascertain 
for  each  occupation  (a)  the  numbers  living  in  1901,  and  (6)  the  numbers 
dying  in  the  three  years,  1900-1902.  The  Census-returns  provided  the 
first,  the  death-registers  the  second.  The  tables  in  the  1901  return  show 
the  number  of  deaths  under  24  separate  headings  at  seven  age-groups, 
the  particulars  of  diseases  and  ages  being  the  same  as  those  in  the  pre- 
vious returns.  From  the  years  of  life,  and  from  the  recorded  deaths 
in  1900-1902,  the  mean  annual  death-rates  per  1000  for  the  seven  groups 
of  ages  were  calculated,  these  affording  the  means  of  comparing  the  age- 
incidence  of  mortality  in  one  occupation  with  any  other  occupation  and 
with  males  generally.  The  interval  of  life  chosen  for  inquiry  was  that 
between  25  years  and  65  years  of  life,  that  period  or  interval  representing 
better,  perhaps,  than  any  other  period  the  effective  working  part  of  life. 
For  this  period  a  "  comparative  mortality  figure  "  was  worked  out. 

In  the  three  years  (1900-1902)  the  crude  death-rate  among  all  males 
aged  15  and  upwards  was  16 "23,  and  the  number  of  registered  deaths 
of  males  between  25  and  65,  284,009,  these  284,009  deaths  occurring 
in  the  course  of  20,166,153  years  of  life — a  number  equal  to  three  times 
the  population  enumerated  at  these  ages  at  the  Census  of  1901.  Within 
the  age-limits  25-65,  1000  deaths  occurred  annually  among  71,005  living. 
If  the  number  71,005  be  divided  proportionately  to  the  numbers  enumer- 
ated at  that  Census  in  the  four  decennia,  the  number  26,259  were  living 
at  25-35  years,  20,407  at  ages  35-45,  14,748  at  ages  45-55,  and  9591  at 
ages  55-65.  This  number,  71,005,  is  the  figure  adopted  as  the  "  standard 
population,"  which,  subject  to  the  mortaUty-rates  prevaiUng  in  these 
several  age -groups among  males  generally, produced  lOOOdeaths  annually. 
If  the  four  constituent  numbers  just  given  be  multiphed  by  the  death- 
rates  recorded  at  the  corresponding  age-groups,  25-35,  35-45,  45-55, 
and  55-65,  in  each  occupation,  the  sum  of  the  products  will  give  the 
number  of  deaths  which  would  occur  in  the  standard  population,  sup- 
posing that  population  to  have  had  the  same  death-rates  as  prevailed 
in  that  occupation.  The  figure  so  obtained  is  the  "  comparative  mor- 
tality figure,"  for  the  occupation  in  question. 

The  following  table  is  given  as  an  example  : — 
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Table  XLIX 


All  Males 

Occupied  Farmers 

Age-Periods 

Standard 
Population 

Annual  Death- 
rate  per  1000 

Deaths  in 
Standard 
Population 

Annual  Death- 
rate  per  1000 

Deaths  in 
Standard 
Population 

I 

2 

3 

4 

5 

25-35  years 
35-45  „ 
45-55  ,, 
55—65  ,, 

26,259 
20,407 
14,748 
9,591 

6-38 
10-94 
18-67 
34-80 

168 

223 
275 
334 

3-96 
5-66 
10-05 
20-25 

104 
116 
148 
194 

25-65  years 

71,005 

1000 

562 

In  the  same  way,  corresponding  figures  were  calculated  both  for  the 
occupied  only  and  for  the  occupied  and  retired  in  each  occupation.  In 
order  to  find  how  much  of  the  comparative  mortality  figure  for  a  given  oc- 
cupation was  due  to  each  of  the  causes  in  the  abstracts  in  the  returns,  the 
Registrar- General  adopted  the  following  plan.  The  part  of  the  mortality- 
figure  which  was  contributed  by  each  of  the  four  age-periods  between 
25  and  65  was  divided  in  proportion  to  the  numbers  of  deaths  from  the 
several  causes  in  that  age-period ;  for  example,  the  168  deaths  in  the 
foregoing  table  contributed  by  the  age-period  25-35  to  the  comparative 
mortality  figure  for  all  males  was  divided  in  proportion  to  the  numbers 
of  deaths  from  the  several  causes.  As  the  total  of  these  numbers  was 
47,608,  they  were  severally  reduced  in  the  proportion  of  168  to  47,608  ; 
and  so  in  the  same  way  for  the  other  columns. 

Between  1890-1892  and  1900-1902,  the  Registrar- General  found  that 
there  had  been  a  considerable  decline  in  the  general  mortality  throughout 
the  main  working  period  of  life.  The  following  table  shows  this  clearly  : — 


Table  L 


25- 

35- 

45- 

55-65 

Death-rates  per  1000 — 1890-1892 

7-67 

13-01 

21-37 

39-01 

—1900-1902 

6-38 

10-94 

18-67 

34-80 

Death-rat«    in    1900-1902  com- 

pared with  that  in  1890-1892 

taken  as  100 

83 

84 

87 

89 

The  decline  in  proportions  varied  from  11  per  cent,  at  55-65,  to  17 
per  cent,  at  25-35. 

So  great  were  the  changes  of  mortality  that,  whereas  in  1890-1892 
1000  deaths  occurred  annually  among  61,215  males  living  between 
25-65  years,  in  1900-1902,  1000  deaths  occurred  among  71,005  living  at 
same  ages  ;  so  that,  ignoring  change  of  age-constitution,  the  population 
which  gave  1000  deaths  in  the  former  period  would  have  given  1160 
deaths  in  the  latter  had  the  same  rates  obtained.  But  it  was  found  that 
the  age-constitution  had  changed  in  a  manner  slightly  favourable  to  the 
latter  and  more  recent  period. 

In  the  Report  for  1890-1892,  the  comparative  mortality  figures  were 
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calculated  on  the  standard  poj)ulation  of  that  time,  but  in  the  Rei^ort  foi' 
1900-1902  these  figures  for  1890-1892  have  been  recalculated  by  apply- 
ing the  death-rates  in  those  years  to  the  standard  population  in  1900- 
1902,  similar  to  the  method  described  for  obtaining  comparative  figures 
for  the  several  occupations. 

To  obtain  anything  like  reliable  results,  no  inconsiderable  difficulties 
have  to  be  met  and,  if  possible,  overcome.  Among  others  the  Registrar- 
General  mentions  the  following  : — 

1.  To  determine  rates  of  mortality  for  several  grades  of  workers,  it 
was  necessary  to  compare  the  entries  of  occupation  in  the  Census-sched- 
ules with  those  in  the  death-registers,  since  the  records  might  be  affected 
erroneously  owing  to  the  fact  that  in  the  former  the  entries  havintr  been 
made  by  the  workers  themselves,  and  in  the  latter  by  a  friend  or  relative,  no 
other  remedy  could  be  found  for  such  possible  discrepancies  of  description. 

2.  The  date  of  the  Census  (1st  April  1901)  was  earlier  by  three 
months  than  the  middle  of  the  three-year  period  to  which"  the  deaths 
refer.  It  had  to  be  decided,  therefore,  to  calculate  the  mortality  on  the 
Census-population  of  1st  April  1901,  and  on  the  deaths  in  the  three  years 
1900-1902,  the  error  thereby  resulting  being  so  small  as  to  be  negligible. 

3.  Paucity  of  numbers  of  workers  in  certain  occupations.  Here  the 
risk  of  error  was  got  over  by  grouping  allied  occupations  containing  small 
numbers  ;  although  in  some  instances,  e.g.  miners  in  lead,  in  tin,  and  in 
copper,  separate  figures  are  given,  these  must  be  used  with  great  caution. 

4.  Choice  of  occupation  due  to  physical  fitness  of  vporkers  ;  thus, 
weaker  persons  are  apt  to  select  less  arduous  occupations,  and  person^ 
unfitted  by  physical  disability  to  follow  an  active  occupation  are  attracted 
to  sedentary  occupations. 

5.  Relative  healthiness  of  different  industries— the  more  exacting 
and  strenuous  demanding  picked  lives. 

These  two  last-named  factors  must  always  be  carefully  considered 
in  relation  to  occupational  mortality,  because  there  cannot  be  anv  form 
of  statistical  correction. 

The  following  table  shows — 

Table  LI 

Death-rates  per  1000  among  all  Males  at  Seven  Age-Groups  in  Four  Periods 


Period 

15- 

20- 

25- 

35- 

45- 

55- 

05  up 

1860-61-1871 
1880-1882 
1890-92 
1900-02 

6-32 
4-57 
4-14 
3-49 

8-59 
6-04 
5-55 
4-77 

9-25 
8-16 
7-67 
6-38 

13-05 

12-  73 

13-  01 
10-94 

18-  53 

19-  27 
21-37 
18-67 

32-  15 

33-  84 
39-01 

34-  80 

94-43 
92-65 
103-56 
94-61 

iQn?!Qnru^T  *^^^P^^"^°^^^T  phthisis  between  1890-1892  and 
lyuu-iyu^  has  been  shown  in  most  occupations,  but  it  has  remained 
stationary  among  messengers,  inn  servants,  tanners,  lace  and  hosiery 
workers,  lead  workers;  and  there  has  been  a  considerable  rise  among 
general  shopkeepers,  cutlers,  ironstone,  copper,  and  tin  miners,  general 
labourers,  inn  servants  in  industrial  districts,  innkeepers  in  agricultural 
districts,  and  unoccupied  males. 
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Table  LII 


Shoming  the  Comparative  Mortality  Figures  in  1880-1882,  1890-1892,  and 
1900-1902,  for  Different  Occupations 


Occupation 


All  Males 


Clergy,  priests,  ministers 
Gardeners,  etc.. 

Farmers  •        .        .  . 

Agi-icultm-al  laboui-ers 
Schoolmasters  and  teachers 
Grocers  .... 
Fisliermen  .... 
Carpenters  and  joiners 
Stationers,  pubUshers,  newsagents 
Barristers,  solicitors 
Draper.^,  warehousemen  . 
Coal-miners  (mean  of  several  districts) 
Plasterers,  wliitewashers,   and  paper- 

liangers  .... 
Watch  and  clock  makers- 
Tanners    .       .        .  . 
Carriers,  etc.  .... 
Shoemakers  .... 
Artists,  sculptors,  engravers,  architect 
Cormnercial  travellers 

Millers,  etc  

Confectioners 

Builders,  bricklayers,  and  masons 
Blacksmiths,  and  strikers 
Tobacconists  .... 
Chemists  and  druggists 
Tailors  .... 
Printers ..... 
Bookbinders  .... 
Operators  in  wool  and  worsted  mills 

(West  Riding)  .  .  .  . 
Operatives  in  linen  and  cotton  mills 

(Lancashire)  ... 
Medical  practitioners 
Law-clerks  .... 
Butchers  .... 
Glass-blowers,  etc.  . 
Plumbers,  painters,  glaziers 
Cutlers,  scissors,  saw,  tool  and  needle 

makers  .... 
Carriers,  carmen 

Bargemen,  lightennon,  and  watermen 
Musicians  and  music-masters 
Hairdressers  .... 
Breweryraen  .... 
Maltsters 


Comi)arative  Mortality  Figures  Calculated 
on  Two  Age-Groups 


1SS0-18S2 

1890-1892 

1900-1902 

1089 

115a 

1000 

\J\J'± 

538 

p;  K 

ooo 

543 

DoO 

not 

585 

/  Oo 

^  o 

7o7 

567 

ftun 

583 

7b7 

666 

out  J 

y74 

895 

oyy 

775 

fiOO 

954 

863 

y  lo 

y4  / 

729 

yoo 

730 

yocs 

1  AO 

1037 

803 

y  /4 

1237 

933 

1014 

1117 

801 

989 

867 

728 

985 

1135 

941 

1003 

1073 

916 

OAT 

897 

753 

1070 

878 

1U4U 

973 

849 

lU4rZ 

1045 

837 

lUoo 

1156 

858 

1059 

1049 

883 

1091 

1157 

892 

1058 

922 

1145 

1153 

950 

1 1  ill 

1211 

903 

1^  /  J. 

1206 

866 

1 1  oo 

1139 

917 

1182 

1296 

1010 

1222 

1106 

962 

1252 

1188 

846 

127G 

1232 

1027 

1295 

1652 

1161 

1308 

1261 

1021 

1424 

1735 

1468 

1387 

1441 

1052 

1422 

1379 

1237 

1431 

1370 

1125 

1446 

1237 

1017 

1483 

1625 

1310 

902 

999 

721 
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Comparative  Mortality  Figures  Calculated 

Occupation 

on  Two  Ago-Grouj 

1880-1882 

1890-1802 

1900-1002 

All  Males 

108'J 

1155 

1000 

1652 

1525 

1292 

Inn  keepers,  licensed  victuallers 

IGGl 

1938 

1709 

TYTfl^^fin  cfiT^   noi't'iRi'S  Wixtolinien 

1707 

1420 

1358 

Filemalcers  ..... 

1813 

2070 

1609 

Eiirtlienvv9*re  niQinuffLcfcurors,  potters 

1  KQI 

1372 

Tronstnno  TniTior.-? 

V/XXO  \J\J  1  L\J     X  Hit         X  O                 .                         .                         .  . 

908 

863 

712 

Tin  miners  (Cornish) 

2160 

Costers,  liawkers,  etc. 

2048 

1942 

1790 

General  laboui-ers  (London) 

2220 

1617 

1816 

Labom-ers  (agricultural)  . 

763 

787 

567 

Inn  and.  hotel  servants     .  . 

2402 

1884 

1C79 

Innkeepers  and  servants  . 

1764 

1925 

1705 

Unoccupied  Males  .... 

2349 

2707 

Fishermen  ..... 

869 

974 

895 

Hatters  ..... 

1159 

1259 

1019 

Tallow,  soap,  glue,  manure,  etc.  manu- 

facturers ..... 

1012 

1295 

676 

Tmplate  manufacturers 

961 

1108 

956 

Silk,  satin,  and  crane  maniifa.ctinrp!7'-5 

920 

1102 

931 

Lace  makers 

820 

821 

832 

DverS.  finisliers   lllfia.plifiri;   fi.nH  m*i'nt,ftr'=: 

of  textiles  ..... 

1100 

1560 

1041 

Carpet,  rug,  and  felt  makers 

1030 

1038 

929 

Hosiery  makers  (Leicester  and  Not- 

tingham) ..... 

730 

845 

862 

Paper  makers 

780 

1010 

664 

Glass  makers  .... 

1295 

1652 

1161 

Coal  heavers  ..... 

1055 

1716 

1135 

Platelayer,  railway  laboiu-er,  navvy. 

and  road  labourer 

1118 

1231 

716 

Note. — The  figures  of  the  foregoing  table  afford  a  means  of  comparison  of 
the  mortality  of  any  occupation  named  in  the  tlu-ee  periods  :  tliey  are  not 
intended  as  a  comparison  between  the  different  occupations.  The  figures 
given  under  the  periods  1880-1882  and  1890-1892  differ  from  those  published 
in  previous  tables  of  the  Registrar-General.  In  each  of  the  previous  reports 
for  these  respective  periods,  the  standard  population  adopted  was  the  popula- 
tion which  gave  1000  deatlis  according  to  the  rates  of  mortahty  prevailmg  in 
these  respective  periods.  For  each  succeeding  period  it  was  necessary  to 
recalculate  the  earlier  figures,  so  as  to  make  allowixnce  for  changes  in  mortality- 
rates  and  changes  of  age-constitution  between  the  different  periods.  With 
every  change  of  standard  population  revision  is  necessary,  if  comparability  is 
desired  for  the  figm-es  in  the  .several  periods.  Whether  the  standard  popula- 
tion of  1890-1892  or  that  of  1900-1902  should  be  adopted,  is  a  question  of 
doubt,  but  in  tlio  foregoiiig  table  the  figures  liave  been  calculated  on  the  stand- 
ard population  of  1900-1902.  If  the  standard  population  of  1890-1892  had, 
instead,  been  adopted,  the  figures  given  in  tliis  table  for  1900-1902  would  have 
been  one-ninth  part  loss  than  those  given.  ^ 

II  ^908^  Sixty-Fifth  Annual  Report,  Registrar-General  for  England,  Part 
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The  latest  figiu-es  relating  to  occupational  mortality  in  Scotland  are  pub- 
lished in  the  supplement  to  the  Forty-Eighth  Report  of  the  Registrar-General 
for  Scotland.  They  are  based  on  the  Census-population  of  1901  and  on  the 
registered  deaths  of  1900-1902.  In  this  report  a  departm-e  was  made  from 
the  method  adopted  in  previous  similar  reports,  in  respect  that  no  comparative 
mortality  figm-es  wei-e  either  calculated  or  pubUshed.  Instead,  a  now  plan  was 
introduced.  In  place  of  comparing  the  mortality  of  the  various  occupations 
by  comparative  raortaUty  figiu-es,  calculations  were  made  of  the  probable 
errors  of  the  death-rates,  and  the  occupations  were  divided  into  six  groupg 
according  to  whether  their  death-rates  were  greater  or  less  than,  or  not  decidedly 
tlifferent  from,  those  of  all  males  in  each  of  two  periods.  In  order  to  overcomej 
so  far  as  possible,  the  probable  error  arising  out  of  paucity  of  numbers — a 
circimistance  more  likely  to  arise  in  Scotland  thaji  in  England — the  following 
formula  was  adopted — 

Death-rate  per  1000  ^(VLx  1000 U  (-^^^  ^  lOoo Y  ' 

where  iV  =  population  ;  n  =  deaths  ;  m  =  population  minus  the  deaths. 

The  mortality  arising  from  any  occupation  depends  upon  the  follow^ 
ing  factors — Viz.  (1)  the  initial  fitness  of  the  employee  for  the  occupa- 
tion pursued  ;  (2)  the  nature  of  the  occupation  ;  (3)  the  environment 
of  the  employment ;  and  (4)  habits  of  a  vicious  character  which  may 
be  contracted  by  the  workman.  At  the  very  outset  it  should  be  stated 
that  the  foregoing  tables  have  been  compiled  from  the  mortality -returns^ 
and  from  the  information  supplied  at  death-registration  as  to  the 
occupation  of  the  deceased,  and  on  the  assumption  that  the  occupation 
named  has  been  followed  during  the  whole  life-time  of  the  deceased. 
It  is  obvious  that  some  measure  of  error  may  creep  in  at  this  stage, 
since  it  not  infrequently  happens  that  the  occupation  given  has  not 
ahvays  been  that  of  the  deceased.  For  example,  certain  occupations 
as  innkeeping,  liquor-selling,  shop-keeping,  and  others  have  attractions 
for  men  who  have  saved  money  in  their  original  calUng,  but  in  which, 
it  may  be,  their  health  has  broken  down  ;  hence  the  mortality  is  debited 
to  the  last-named  occupation,  while,  more  properly,  it  ought  to  be  debited 
to  the  original.  The  given  mortality-rate  of  a  given  occupation  may 
not,  therefore,  be  the  result  solely  of  the  conditions  of  that  occupation, 
but  is  likely  to  be  partly  due  to  that,  and  to  the  previously  depreciated 
health  derived  from  a  former  occupation,  or  defective  physique  which 
has  existed  initially.  Another  cause  which  militates  against  the  accuracy 
of  such  returns  is  that  many  occupations,  because  of  their  light  and  easy 
character,  attract  the  initially  weak,  disabled,  or  deformed.  This  is 
true,  for  example,  of  such  employments  as  clerk,  tailor,  watchmaker, 
and  others  in  which  much  physical  exertion  is  not  required.  Subject 
to  these  considerations,  therefore,  the  moi-tality-rates  given  in  the 
preceding  tables  may  be  taken  as  sufficiently  accurate  to  make  it  possible 
to  compare  the  relative  incidence  of  the  death-toll  of  occupations. 

But  short  of  producing  death,  certain  occupations  produce  a  physical 
deformity  or  disability.  These  need  not  be  elaborated,  since  a  glance 
at  the  following  table  will  show  illustrative  examples. 


[Table 


556 


PUBLIC  HEALTH 


Table  LIII 

Occupations  which  Cause  Physical  Deformity  or  Disability 


Occupation 


Boiler-Makoi's,  Riveters, 
or  Workers  amid  con- 
cussivo  noises,  Cais- 
son-Workei'S. 

Slioemakers. 

Tailors. 


Clerks,  Students,  Schol- 
ars, and  sedentary 
workers  generally. 

Telegrapliists,  Steno- 
graphers, Instrumen- 
tahsts. 

Clergy  (Preachers). 


Miners,  Jewellers, 
Watchmakers,  Scien- 
tific Instrument 
Makers,  Microscop- 
ists.  Seamstresses, 
Engravers. 

Cooks,  Gardeners,  Car 
and  'Bus  Conductors, 
Shopkeepers,  and  per- 
sons generally  who 
continuously  stand  at 
work. 

Soldiers,  Athletes,  Por- 
ters, Dock-Labourers, 
etc. 

Bridge-pier  Builders  (in 
caissons),  Divers, 
Workers  under  com- 
pressed air. 


Doforinity  or  Disability 


Deafness. 


Indentation  of  Sternum. 
Peculiar  Gait  in  Walk- 
ing. 

Lateral   Cm-vature  of 
Spine. 

Muscular  Cramp  of  Fin- 
gers or  Hand. 

Affections  of  Throat  and 
Voice. 


ASeetions  of  Eye  and 
Vision. 


Varicose  Veins  and  Ul- 
cers of  Lower  Limbs, 
Varicocele. 


Hernias ;  Diseases  of 
Heart  and  Large  Ax- 
teries,  as  Anemysms. 
Diseases  of  Circulation 
and  Nervous  System. 


I'l-oximate  CaiiKe 


Repetitive  Concussion 
of  Tympanum  of 
Ear,  Rupture  of  Tym- 
panum. 

Pressure  of  the  Last. 

Tui-k-Uke  Attitude  of 
Lower  Limbs  when  at 
Work. 

Faulty  Posture  of  Body. 


Continuous  Strained 
Use  of  Digit  Muscles. 

Unnatural  Use  of  Mus- 
cles of  Larjmx. 


Strain  on  Visual  Appar- 
atus. 


Congestion  of  Veins 
from  Effect  of  Gra^it  j' 
and  Muscular  Strain 
on  Limbs. 


Strain  on  Circulatory 
System  ;  Great  Mus- 
cular Effort. 

Abnoi-mal  Atmospheric 
Pressure. 


An  obligatory  duty  has  been  imposed  upon  the  medical  practitioner 
with  respect  to  occupations,  which  cannot  be  neglected  without  a  penalty 
—VIZ.  the  notification  to  the  Home  Office  (Factory  Department)  in 
England,  of  certain  forms  of  industrial  poisoning  and  disease  directly  in- 
curred by  workmen  during  their  occupation.  The  Factory  and  Workshop 
Act,  1895,  section  29,  enacts  that  it  is  compulsory  for"  medical  practi- 
tioners to  notify  every  case  of  lead,  arsenic,  phosphorus,  or  mercurial 
poisoning,  and  of  anthrax,  which  is  contracted  in  a  factory  or  workshop, 
ihe  fulfilment  of  the  duty  carries  with  it  a  fee  of  2s.  6d.  for  each 
certificate.    The  institution  of  the  above  provision  has  proved  of 
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immense  value  to  the  Factory  Department  of  the  Home  Office,  and 
much  vahiable  information  may  be  obtained  from  the  Annual  Reports 
on  this  subject. 

No  chapter  on  the  Diseases  of  Occupations  could  be  considered 
complete  without  some  detailed  reference  to  Factory  and  Workshop 
legislation.  Formerly  this  was  a  serious  task  to  undertake,  because 
of  the  many  Acts  of  Parliament  which  bore  upon  the  subject.  This 
bewildering  wealth  of  legislative  enactments,  however,  brought  about 
a  remedy  by  the  Legislature  itself— viz.  the  passing  of  a  Consolidating 
Act— the  Factory  and  Workshops  Act,  1901  (1  Edw.  VII.  cap.  22)— 
which  came  into  operation  on  1st  January,  1902,  and  in  which  practi- 
cally all  previous  legislation  respecting  Factories  and  Workshops  has 
been  welded  into  a  harmonious  whole.  Medical  practitioners  who  act 
or  who  may  yet  act  under  its  terms  as  Certifjdng  Surgeons,  and  Medical 
Officers  of  Health  who  have  to  deal  with  the  sanitary  aspects  of  the  Act, 
are,  therefore,  interested  in  its  consideration. 

The  Act  is  divided  into  ten  Parts,  and  each  Part  into  a  varying 
number  of  Sections. 

Part  I.  deals  with  the  health  and  safety  of  those  employed,  and  with 
accidents  ;  Part  II.,  with  conditions  of  employment  with  respect  to  hours 
and  holidays,  overtime,  night  work,  intermittent  employment,  powers 
of  the  Secretary  of  State  to  impose  special  sanitary  requirements  under 
special  circumstances  as  a  condition  of  employment,  and  fitness  of  em- 
ployment of  women,  young  persons,  and  children;  Part  III.,  with  the 
education  of  children  employed  in  factories  ;  Part  IV.,  with  dangerous 
and  unhealthy  industries  and  the  Regulations  to  be  made  concerning 
these;  Part  V.,  with  tenement  factories,  Cotton  Cloth  and  other  humid 
Factories,  Bakehouses,  Laundries,  Docks,  Buildings  and  Railway  Sidings  ; 
Part  VI.,  with  Home  Work,  with  respect  to  outworkers  in  certain  trades' 
employment  of  persons  in  unwholesome  places,  making  of  wearing 
apparel  where  there  is  scarlet  fever  or  smallpox,  and  to  dangerous 
processes  in  domestic  factories  and  workshops;  Part  VII.,  with  work 
and  wages,  with  respect  to  wages  for  piece-work,  and  inspection  of 
weights  and  measures  upon  which  rates  of  wages  are  based  ;  Part  VIII., 
with  administration  of  the  provisions  of  the  Act ;  under  Sections  122, 
123,  and  124  with  special  reference  to  the  appointment  and  duties  of 
Certifying  Surgeons  and  their  remuneration  ;  under  Section  132,  with 
respect  to  Reports  of  Medical  Officers  of  Health  on  Administration  of 
the  Act ;  and  Section  133,  with  notice  to  be  given  by  the  Medical  Officer 
of  Health  of  employment  of  a  woman,  young  person,  or  child,  when  he 
becomes  aware  that  such  is  being  employed  in  a  workshop  in  which  no 
abstract  of  this  Act  is  posted  up  in  a  public  place  in  the  work  as  required 
by  the  Act ;  Part  IX.,  with  Legal  Proceedings  ;  and  Part  X.,  with  the 
application  and  definitions  of  the  Act  with  relation  to  the  different  parts 
of  the  United  Kingdom. 

Factories  which  come  under  the  Act  are  divided  into  two  sections — 
viz.  (A)  all  places  in  which  mechanical  power  is  used  in  aid  of  manu- 
facturing processes  ;  and  (B)  all  places  named  in  Part  I.  of  the  Sixth 
Schedule  of  the  Act,  whether  mechanical  power  is  used  or  not.  The 
list  of  industries  named  in  this  Schedule  contains  the  following — viz. 
print-works,  bleaching  and  dyeing  works,  eartheuware-works,  lucifer- 
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match  works,  percussion-cap  works,  cartridge  works,  paper-staining 
works,  fustian-cutting  works,  blast  furnaces,  copper  mills,  iron  mills, 
foundries,  metal  and  india-rubber  works,  paper  mills,  glass  works, 
tobacco  factories,  letter-press  printing  works,  bookbinding  works, 
flax  scutcli  mills  and  electrical  stations. 

W orlsliofs  include  (A)  such  industries  as  are  named  in  Part  IL  of 
the  Sixth  Schedule — viz.  hat  works,  rope  works,  bakehouses,  lace 
warehouses,  shipbuilding  yards,  quarries,  pit  banks  of  metalliferous 
mines,  dry-cleaning  works,  carpet-beating  works,  and  bottle-washing 
works,  unless  mechanical  power  is  used  in  aid,  when  they  become 
factories  ;  (B)  any  other  premises  in  which  manual  labour  is  exercised 
for  trade  or  purposes  of  gain,  and  to  or  over  which  the  employer  of 
the  workers  has  right  of  access  or  control ;  and  (C)  any  work-place — 
called  in  the  Act  a  tenement  workshop — in  which  two  or  more  persons 
wdth  the  permission  of  or  under  agreement  with  the  owner  or  occupier 
carry  on  work.  Laundries  do  not  come  within  the  foregoing  definitions  ; 
but  by  Section  103,  so  far  as  sanitation  is  concerned,  they  are  to  be 
treated  as  factories  if  mechanical  power  is  used,  and  as  workshops  if 
such  power  is  not  used.  Laundries  in  connection  with  prisons,  re- 
formatory schools,  industrial  schools,  or  any  other  institution  subject 
to  inspection  under  other  Acts,  and  which  are  worked  by  the  inmates 
thereof,  are  exempted  from  the  provisions  of  this  Act.  In  like  manner 
are  laundries  which  are  worked  by  members  of  one  family  and  by  not 
more  than  two  persons  outside  of  the  family.  The  term  work-place, 
although  not  defined  in  this  Act,  may  be  reckoned  to  come  under  the 
interpretation  of  the  word  in  the  Public  Health  (London)  Act,  1891, 
which  was  given  in  Bennett  v.  Harding,  1900  (2  Q.  B.  397) — ^viz.  any 
"  place  where  work  is  done  permanently  and  where  people  assemble 
to  do  work  permanently  of  some  kind  or  other  "  ;  such  as  restaurant- 
kitchens  and  like  places. 

Duties  of  Medical  Officer  of  Health  under  this  Act. — The  Medical 
Of&cer  of  Health  is  charged  with  the  duty  of  administering  the  Act  in 
Workshops  and  Work-places  with  respect  to  their  sanitary  condition. 
The  term  "  sanitary  condition  "  of  a  workshop  may  be  held  to  include 
(a)  Cleanliness,  (b)  conditions  of  Air-space,  (c)  Ventilation,  and  (d) 
Drainage  of  Floors. 

Por  these  purposes,  sec.  91  of  the  Public  Health  (England)  Act. 
1875,  sec.  15  of  the  PubUc  Health  (Scotland)  Act,  1897,  and  sec.  107  of 
the  Public  Health  (Ireland)  Act,  1878,  apply  respectively  in  these 
divisions  of  the  kingdom.  Cleanliness  is  to  be  interpreted  to  mean  a 
place  in  a  cleanly  state  and  free  from  effluvia  ;  air-space,  not  less  than 
250  cubic  feet  of  air-space  per  person  employed,  or  400  cubic  feet  per 
person  during  overtime.  Where  a  place  is  used  as  a  workshop  or 
work-place  during  working  hours,  and  a  sleeping-place  at  night,  it  is 
proposed  to  enact  that  the  minimum  air-space  shall  be  400  cubic  feet. 
Ventilation  is  to  be  held  to  mean  the  existence  or  provision  of  such 
means  for  changing  the  air  as  to  render  harmless  so  far  as  practicable 
any  gases,  vapours,  dust  or  other  impurities,  generated  in  the  course 
of  the  work  that  are  a  nuisance  or  are  injurious  to  health.  Drainage 
of  floors  means  that  where  in  any  process  in  which  women  are  employed 
the  floor  is  liable  to  be  wetted,  provision  must  be  made  for  draining  off 
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the  fluid.    This  does  not  apply  in  the  case  where  men  only  are 
employed.    Sanitary  conveniences  must  be  provided  in  any  district 
m  England  where  Part  III.  of  the  Public  Health  Amendment  Act,  1890 
ism  force.    (F<(Ze  also  p.  237.)  ' 
Bakehouses  are  either  factories  or  workshops  in  terms  of  the  Act 
according  as  mechanical  power  is  or  is  not  used  therein.  Sanitary 
regulations  for  bakehouses  are  contained  in  Sections  97  98  99  100 
101,  and  102.    These  are  (1)  that  a  water-closet,  earth-closet,  privy' 
or  ash-pit  must  not  be  within  or  communicate  directly  with  the  bake- 
house ;  (2)  that  the  cistern  for  the  water-supply  must  be  separate  and 
distinct  from  any  cistern  supplpng  a  water-closet ;  (3)  that  a  drain  or 
pipe  conveying  fjEcal  or  sewage  matter  must  not  have  an  opening 
withm  the  bakehouse ;  (4)  that  all  the  walls,  ceilings,  tops  of  rooms 
passages   and  staircases  of  a  bakehouse  (whether  plastered  or  not) 
must  either  be  painted  with  oil  paint  or  be  varnished  with  three  coats 
or  be  limewashed,  or  treated  with  one  or  other  of  these  methods  com- 
bined;  if  painted  or  varnished,  the  whole  place  must  be  washed  once 
every  six  months,  and  the  painting  or  varnish  to  be  renewed  in  three 
coats  once  every  seven  years,  and  if  limewashed,  the  limewashing  to  be 
renewed  once  every  six  months  ;  (5)  no  apartment  on  the  same  level  as 
the  bakehouse  and  forming  part  of  the  same  building  may  be  used  as 
a  sleeping-place,  unless  it  is  separated  by  a  partition  which  extends  from 
floor  to  ceihng,  and  has  an  external  glazed  window  of  at  least  nine 
superficial  feet  m  area,  of  which  at  least  one-half  of  said  window-space  is 
made  to  open  for  ventilation.    No  underground  bakehouse  may  be 
instituted  after  this  Act  has  come  into  operation,  and  after  1st  January 
1904,  any  underground  bakehouse  existing  as  such  at  the  commence- 
ment of  the  operation  of  the  Act  may  not  be  used  unless  a  certificate 
obtS  construction,  light,  ventilation,  etc.,  has  been 

An  underground  bakehouse  means  one  in  which  the  surface  of  its 
floor  IS  more  than  three  feet  below  the  level  of  the  footway  of  the  street 
or  of  the  ground  adjoimng  or  nearest  the  bakehouse  apartment.  The 
proposals  of  the  Incorporated  Society  of  Medical  Officers  of  Health  on 
this  subject  of  underground  bakehouses  are  as  follow  :— 1.  That  bake- 
houses shall  be  at  least  8  feet  in  height,  or  8  feet  6  inches  where  the  floor 
area  exceeds  300  square  feet;   2.  That  the  walls  and  floor  shall  be 
constructed  of  impervious  materials,  that  the  ceilings  shall  be  dust- 
proof,  and  that  the  lightmg  shall  be  such  that  a  pnnted  paper  may 
ordinarily  be  read  by  daylight  between  11  A.M.  and  3  P.M.;  3.  That  the 
ventilation  shall  be  such  that  3000  cubic  feet  of  clean  air  can  be  supplied 
to  each  person  employed  therein;  and  4.  That  the  temperature  of' the 
bakehouse  between  October  and  June  shall  not  exceed  60°  F.  Among 
the  further  necessary  provisions  proposed  were  :— (a)  that  there  shall 
be  free  access  to  sanitary  conveniences,  and  to  conveniences  for  personal 
t^.i  Tv  '  P^°^'^^?^,      depositing  wearing  apparel  elsewhere  than  in 
the  bakehouse,  and  (c)  that  all  baking-troughs,  tables,  etc.,  be  mounted 
on  castors  for  easier  cleansmg  of  the  bakehouse.    The  report  of  The 
Lancet  Special  Sanitary  Commission  on  Bakeries  and  Breadmaking  will 
attord  to  the  student  some  interesting  information.  1 

1  Lancet,  vol.  ii.,  1889,  p.  1140. 
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A  retail  bakehouse  is  any  bakehouse,  not  being  a  factory,  in  which  the 
goods  manufactured  therein  are  sold  by  retail  in  a  sliop  or  place  occupied 
with  the  bakehouse. 

For  the  sanitary  condition  of  factories  the  Factory  Inspector  is 
held  responsible,  but  by  section  5,  sub-section  2,  he  may  take  with 
him  into  a  factory  or  workshop  a  medical  officer  of  health  or  inspector 
of  nuisances.  Home-work — that  is,  where  work  is  done  for  a  factory 
or  workshop  at  home — is  dealt  with  in  Sections  107-115.  Lists  of 
out-workers,  giving  names  and  addresses,  must  be  kept  by  occupiers 
of  factories  or  workshops.  The  Act  aims  at  preventing  (1)  home-work 
being  done  in  dwellings  injurious  or  dangerous  to  the  health  of  the 
workers  themselves,  and  (2)  work  being  done  in  premises  where  exists 
dangerous  infectious  disease.  When  infectious  disease  is  discovered 
to  exist  in  a  home  so  used,  the  contractors  or  occupiers  of  the  factory 
or  workshop  may  be  prohibited  from  giving  out  work  to  any  person 
who  lives  or  works  in  the  infective  house. 

Duties  of  Certifying  Surgeon  under  the  Act — Section  122. — The 
appointment  of  Certifying  Surgeons  is  made  by  the  Secretary  of  State 
for  the  Home  Department.  A  surgeon  who  is  occupier  of  a  factory  or 
workshop,  or  who  is  directly  or  indirectly  interested  therein,  shall  not 
be  Certifying  Surgeon  for  that  factory  or  workshop.  A  Certifying 
Surgeon  shall  conform  to  such  regulations  and  duties  of  the  office  as  are 
made  and  assigned  by  the  Secretary  of  State.  He  shall,  if  so  directed 
by  the  Secretary  of  State,  make  any  special  inquiry  and  re-examine 
any  young  person  or  child.  He  shall  in  each  year,  at  a  prescribed 
time,  make  a  Report  in  prescribed  form  to  the  Home  Office  as  to  the 
persons  inspected  during  the  year,  and  the  results  of  the  inspection. 
A  poor-law  Medical  Officer  may  act  as  Certifying  Surgeon  to  a  factory 
or  district  in  which  for  the  time  being  there  is  no  didy  appointed  Certify- 
ing Surgeon.  The  fees  to  be  paid  to  a  Certifying  Surgeon  for  the  examina- 
tion and  granting  of  certificates  of  fitness  for  employment  of  young 
persons  and  children  are  regulated  in  Section  124  as  follows— viz.  [a) 
the  factory  occupier  may  agree  with  him  as  to  the  amount  to  be  paid ; 
or  (6)  where  there  is  no  agreement,  the  fees  shall  be  paid  in  accordance 
with  the  scale  set  down  in  Part  I.  of  the  Fifth  Schedule  of  the  Act,  or 
with  any  other  scale  substituted  therefor  by  the  Secretary  of  State. 
The  fees  are  to  be  paid  when  the  examination  is  completed  or  a  certi- 
ficate IS  granted,  or  at  any  other  time  directed  by  an  Inspector.  The 
fee  to  be  paid  to  him  for  the  investigation  of  an  accident  in  pursuance 

°^-i*v  ^  ^'^^  ^^^^^      ^  ^^"^  "^^^  ^^^^  ^^^^  ^^^^  ^^^^ 

shillings,  as  prescribed  by  the  Secretary  of  State,  and  shall  be  paid  by 

the  Secretary  of  State.  It  is  enacted  in  Section  20  that  the  Certifying 
Surgeon,  on  receipt  of  notice  of  an  accident  in  a  factory  or  workshop, 
shall  proceed  with  the  least  possible  delay  and  make  a  full  investiga- 
tion, and  shall  within  twenty-four  hours  thereafter  send  a  report  thereof 
to  the  Inspector. 

Ages  and  Conditions  of  Emfloyment  of  Employees.— The  employ- 
ment of  any  woman  or  girl,  within  four  weeks  after  she  has  given 
birth  to  a  child,  is  prohibited  by  Section  61  ;  the  employment  of  any 
child  under  twelve  years,  in  Section  62 ;  and  Sections  63,  64,  and  65 
deal  with  certificates  of  fitness  for  employment  of  young  persons  under 
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ni?f''/?'^.i°*^^'?f  ''  and  with  the  regulations  to  be 

obsei  ved  by  the  Certifying  burgeon  in  granting  such  certificates.  Section 
66  gives  power  to  the  Secretary  of  State  to  require  by  special  order 
certificates  of  fitness  for  employment  of  such  young  persons,  etc.,  in 
certam  workshops  ;  and  Section  67,  power  to  an  Inspector  t^  require 
a  certificate  of  capacity  for  work  of  any  young  person  or  child,  where 
he  IS  of  opinion  that  such  young  person  or  child  is  incapacitated  by 
the  AcV  iiifiri^ity  for  working  daily  for  the  time  allowed  by 

trnr^^'^'  o/^e(^^•c«^  PmctitioneT  in  notifying  certain  Diseases  con- 
tracted ^n  a  Factory  or  Worhshof. -^^otion  73  supplants  Section  29 
of  the  former  Act  of  1895  regarding  notification  of  certain  diseases 
contracted  by  a  worker  m  a  factory  or  workshop.  The  terms  of  this 
section  are  as  follow — yiz. 

1.  "Every  medical  practitioner  attending  on  or  called  in  to  visit  a 
patient  whom  he  beheves  to  be  suffering  from  lead,  phosphorus,  arsenical  or 
mercurial  poisoning,  or  anthrax,  contracted  in  any  factory  or  workshop 
shall  ^ffs  the  not     required  by  this  sub-section  has  been  previously 
sent)  send  to  the  Chef  Inspector  of  Factories  at  the  Home  Office,  London  a 

Tl'  t  "^"^  ^^^^  "^^^'''^         patient  and  the  disease 

from  which,  m  the  optmon  of  the  medical  practitioner,  the  patient  is 
suffering  and  shall  be  entitled  in  respect  of  every  notice  sent  in  pursu- 
Z?fn  ^''/^  ^""^  '^'^^'''ff'        sixpence,  to  be  paid  as 

fhis  Act  ''^""'■"^^  Secretary  of  State  in  the  execution  of 

n  ^  ^^^^^^f^'^'^f  practitioner,  when  required  by  this  section  to  send 

:reS;^::?,S:;' ''^'^ '^^''^  ^ 

mJrJrlnY''^^''  ""^^''^      ^""V  '""'^  Phosphorus,  or  arsenical  or 

^TZrfhlTr''^'  Z  in  a  factory  or  workshop, 

shall  forthwith  be  sent  to  the  inspector  and  to  the  certifying  surgeon  for 
n^JlT  '  """^^^  provisions  of  this  Act  with  respect  to  accidints  shall 
apply  to  any  such  case  in  like  manner  as  to  any  such  accident  as  is  men- 
tioned m  these  provisions." 

.\.J:^A^T  ''^  °*       Legislature  that  such  noxious  conditions 

A  X  ^.^P^^^^^d'  .^a^io^s  provisions  are  to  be'  found  in  the  Act 
orwSi  I*  is  enacted  in  Section  74  that  in  a  factory 

nrnll  T  §"^^^^8'  S^^^i^g'      polishing  on  a  wheel,  or  any 

process  is  carried  on  by  which  dust,  gas,  vapourf  or  other  impurity  is 
generated  and  inhaled  by  the  workers  to  an  injurious  extent  tha? 
ventilation  by  means  of  a  fan  or  other  mechanical  means  shall  be  pro- 
vided maintained  and  used  ;  in  Section  75,  that  in  every  factory  or 

used  sni?.bt'''  v'^'  P°^«°-«^«  «-bstance  i 

used,  suitable  washing-conveniences  must  be  provided  for  the  workers  • 
that  no  employee  shall  be  permitted  to  take  a  meal,  or  be  allowed  to 
remain  during  meal-hours,  in  any  room  in  which  such  poisonous  sub^ 
stances  are  used  and  suitable  provision  shall  be  made  elsewhere  n  tte 
factory  for  meal-takmg.  In  Section  76,  it  is  furt,her  enacted  tC  no 
young  person,  under  sixteen  years,  or  a  ^hild,  shall  be  emp  oyed  («)  in 
the  process  of  silvering  mirrors  by  the  mercurial  process!  and  6  in 
the  making  of  white  lead ;  no  female  young  person  or  child  i^  the  process 
2  N 
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of  malring  or  annealing  glass  ;  no  girl  \mder  sixteen  years,  (a)  in  making 
or  finishing  bricks  or  tiles,  not  being  ornamental  tiles ;  and  (6)  in  the 
making  or  finishing  of  salt ;  and  no  child,  in  (o)  dry  grinding  in  the 
metal  trade ;  and  {b)  the  dipping  of  lucifer  matches.  Provision  is 
made  in  the  following  section  (Section  78)  prohibiting  the  taking  of  meals 
by  women,  young  persons,  or  children  in  certain  parts  of  factories  and 
workshops,  as  for  example  :  (a)  in  glass-works,  in  places  where  the 
materials  are  mixed,  or  where  flint  glass  is  made,  or  where  grinding, 
cutting,  or  polishing  is  carried  on ;  (b)  in  lucifer-match  works,  in  any 
part  except  where  the  wood  is  cut ;  and  (c)  in  earthenware-works,  in 
places  known  as  dipper's  house,  dipper's  drying-room,  or  china  scouring- 
room.  In  all  cases,  notice  of  the  above  prohibitions  must  be  aflB.xed  in 
every  factory  or  workshop  to  which  they  apply. 

The  only  further  legislation  regarding  factories  and  workshops  is 
contained  in  the  Factory  and  Workshops  Act,  1907. 

This  Act  amends  the  Act  of  1901  with  respect  to  laundries,  extends 
that  Act  to  certain  institutions,  and  provides  for  the  inspection  of  certain 
premises. 

Section  1.  Enacts  that  the  Act  of  1901  shall,  subject  to  the  provi- 
sions of  this  Act,  apply  to  laundries  as  if  at  the  end  of  Part  II.  of  the 
Sixth  Schedule  to  that  Act,  the  following  paragraph  were  added  : — 

"  (29)  Laundries  carried  on  by  way  of  trade  or  for  the  purpose  of 
gain,  or  carried  on  as  ancillary  to  another  business  or  incidentally  to  the 
purposes  of  any  public  institution." 

Section  2.  (1)  In  laundries,  other  than  laundries  ancillary  to  a 
business  carried  on  in  any  premises  which,  apart  from  the  provisions 
of  this  Act,  are  a  factory  or  workshop — 

(a)  The  period  of  employment  of  women  may  on  any  three  days 
in  the  week,  other  than  Saturday,  begin  at  6  a.m.  and  end 
at  7  P.M.,  or  begin  at  7  a.m.  and  end  at  8  p.m.  oi  begin  at 
8  A.M.  and  end  at  9  p.m.  ; 

Provided  that  a  corresponding  reduction  is  made  in  the 
periods  of  employment  on  other  days  of  the  week,  so  that  the 
total  number  of  houi's  of  the  period  of  employrnent  of  women, 
including  the  intervals  for  meals,  shall  not  exceed  68  in  any 
one  week ; 

(6)  Where  the  employer  so  elects,  the  following  provisions  shall 
apply  in  lieu  of  the  provisions  of  the  preceding  paragraph  : — 
The  period  of  employment  of  women  may,  on  not  more 
than  four  days,  other  than  Saturday,  in  an)'  one  week,  and 
on  not  more  than  60  days  in  any  calendar  year,  begin  at  6  a.m. 
and  end  at  7  p.m.,  or  begin  at  7  a.m.  and  end  at  8  p.m.,  or  begin 
at  8  A.M.  and  end  at  9  p.m. 

(c)  Difierent  periods  of  employment  may  be  fixed  for  different  days 
of  the  week. 

(2)  The  foregoing  provisions  of  this  section  shall  be  deemed  to  be 
special  exemptions  within  the  meaning  of  Section  60  of  the  Act  of  1901, 
but  it  shall  be  lawful  for  the  employer  to  change  from  the  system  of 
employment  under  the  above  paragraph  (a)  to  the  system  under  para- 
graph (b),  or  vice  versa,  oftener  than  once  a  year.  The  entry  required  to 
be  made  in  the  prescribed  register  by  sub-section  4  of  Section  60,  as  so 
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applied  shall,  in  the  case  of  overtime  employment  under  paragraph  (6), 
be  made  before  the  commencement  of  the  overtime  employment  on 
each  day  on  which  it  is  intended  that  there  should  be  such  employment, 
and,  in  reckoning  the  sixty  days  for  the  piu-poses  of  paragraph  (6),  every 
day  on  which  any  woman  had  been  employed  overtime  shall  be  taken 
into  account. 

(3)  Subject  as  aforesaid,  the  provisions  of  the  principal  Act  as  to 
hoiurs  of  employment  shall  apply  to  laundries. 
Section  3.  Enacts  that  in  every  laundry — 

{a)  If  mechanical  power  is  used,  a  fan  or  other  efficient  means 
shall  be  provided,  maintained,  and  used  for  regulating  the 
temperature  in  every  ironing-room,  and  for  carrying  away 
the  steam  in  every  wash-house  ; 
(6)  All  stoves  for  heating  irons  must  be  sufficiently  separated 
from  any  ironing-room  or  ironing-table,  and  gas  irons  emitting 
any  noxious  fumes  must  not  be  used  ;  and 
(c)  The  floors  must  be  kept  in  good  condition  and  drained  in  such 

a  manner  as  will  allow  the  water  to  flow  ofi  freely. 
A  laundry  in  which  there  is  a  contravention  of  any  of  these  pro^asions 
shall  be  deemed  to  be  a  factory  or  workshop  not  kept  in  conformity 
with  the  principal  Act. 

Section  4.  Enacts  that  sub-section  2  of  Section  114  of  the  Act  of 
1901  shall  apply  to  laundries,  as  if  for  the  words  "  the  altering,  repairing, 
ornamenting,  or  finishing  of  any  article  "  there  were  substituted  the 
words,  "  the  altering,  repairing,  ornamenting,  washing,  cleaning,  or 
finishing  of  any  article." 

Institutions 

Section  5.  (1)  Enacts  that  where  in  any  premises  forming  part  of 
an  institution  carried  on  for  charitable  or  reformatory  purposes,  and 
not  being  premises  subject  to  inspection  by  or  under  the  authority  of  any 
Government  Department,  any  manual  labour  is  exercised  in  or  in- 
cidental to  the  making,  altering,  repairing,  ornamenting,  finishing, 
washing,  cleaning,  or  adapting  for  sale,  of  articles  not  intended  for  the 
use  of  the  institution,  the  provisions  of  the  Act  of  1901  shall,  subject 
to  the  provisions  of  this  Act,  apply  to  those  premises,  notwithstanding 
that  the  work  carried  on  therein  is  not  carried  on  by  way  of  trade  or 
for  the  purposes  of  gain,  or  that  the  persons  working  therein  are  not 
working  under  a  contract  of  service  or  apprenticeship. 

(2)  If  in  any  institution  to  which  this  section  applies  the  persons 
having  the  control  of  the  institution  (the  managers)  satisfy  the  Secretary 
of  State  that  the  only  persons  working  therein  are  persons  who  are  in- 
mates of  and  supported  by  the  institution,  or  persons  engaged  in  the 
supervision  of  the  work  or  management  of  machinery,  and  that  such 
work  is  carried  on  in  good  faith  for  the  purposes  of  the  support,  educa- 
tion, training,  or  reformation  of  persons  engaged  in  it,  the  Secretary  of 
State  may  by  order  direct  that  so  long  as  the  order  is  in  force  the  Act  of 
1901  shall  apply  to  the  institution  subject  to  the  following  modifica- 
tions : — 

(o)  The  managers  may  submit  for  the  approval  of  the  Secretary 
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of  State  a  scheme  for  the  regulation  of  hours  of  employment, 
intervals  for  meals,  and  holidays  of  the  workers,  and  of  the 
education  of  children,  and  if  the  Secretary  of  State  is  satisfied 
that  the  provisions  so  laid  down  are  not  less  favourable  than 
the  corresponding  provisions  in  the  principal  Act,  he  may 
approve  the  scheme,  and  when  so  approved,  the  principal  Act 
shall  apply  as  if  the  provisions  of  the  scheme  were  substituted 
for  the  like  provisions  of  the  principal  Act.  Any  such  scheme 
shall  be  laid  before  Parliament,  and  if  within  the  next  forty 
days  thereafter  either  House  resolve  that  the  scheme  should 
be  annulled,  the  scheme  shall  be  of  no  efiect. 

(b)  The  Medical  Officer  of  the  institution  (if  any)  may,  on  application 

of  the  managers,  be  appointed  by  the  Chief  Inspector  of 
Factories  to  be  the  Certifying  Surgeon  for  the  institution. 

(c)  The  provisions  of  Section  128  of  the  principal  Act  as  to  affixing 

of  an  abstract  of  the  principal  Act  and  of  notices  shall  not 
apply,  but  among  the  particiilars  to  be  shown  in  the  general 
register  there  shall  be  included  the  prescribed  particulars  of 
the  scheme,  or  in  the  absence  of  a  scheme,  the  prescribed 
particulars  as  to  hours  of  employment,  intervals  for  meals, 
and  holidays,  and  education  of  children  and  other  matters 
dealt  with  in  the  principal  Act. 
{d)  In  the  case  of  premises  forming  part  of  an  institution  carried  on 
for  reformatory  purposes,  and  where  the  managers  thereof  so 
give  notice  to  the  Chief  Inspector  of  Factories,  an  Inspector 
shall  not,  without  consent  of  the  managers  or  person  in  charge, 
examine  an  inmate  of  the  institution  save  in  the  presence  of 
one  of  the  managers  or  of.  such  person  in  charge  ; 

Provided  that  the  Secretary  of  State,  on  being  satisfied  that 
there  is  reason  to  believe  that  a  contravention  of  the  principal 
Act  is  taking  place  in  any  such  institution,  may  suspend  the 
operation  of  the  foregoing  provision  as  respects  that  insti- 
tution. 

(e)  The  managers,  not  later  than  15th  January  in  each  year,  shall 
send  to  the  Secretary  of  State  in  the  prescribed  form  a  correct 
return,  giving  names  of  managers  and  of  the  person  in  charge, 
and  such  particulars  as  to  number,  age,  sex,  and  employment 
of  inmates  and  other  persons  employed  in  the  work  carried 
on  in  the  institution  as  the  Secretary  of  State  may  require, 
_  subject  to  a  fine  in  case  of  non-compliance. 
Section  6.  Enacts  that  where  in  any  premises  subject  to  inspection  of 
any  Government  Department  any  manual  labour  is  exercised,  otherwise 
than  for  purposes  of  instruction  in  or  incidental  to  the  making,  altering, 
repairing,  ornamenting,  finishing,  washing,  cleaning,  or  adapting  for 
sale  of  any  article,  and  the  premises  do  not  constitute  a  factory  or  work- 
shop by  reason  that  the  work  carried  on  therein  is  not  in  the  way  of 
trade  or  for  gain,  or  that  the  persons  employed  are  not  working  under 
contract  of  service  or  apprenticeship,  the  Secretary  of  State  may  arrange 
that  such  premises  shall,  as  respects  matters  dealt  with  by  the  principal 
Act,  be  inspected  by  an  Inspector  appointed  under  that  Act. 
Section  7.  Repeals  Section  103  of  the  Act  of  1901. 
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In  connection  with  the  subject  of  industrial  diseases,  attention  must 
be  drawn  to  the  Act  of  Parliament  entitled  "  White  Phosphorus  Matches 
Prohibition  Act,  1908  "  (8  Edw.  VII.  ch.  42),  which  is  an  Act  to  prohibit 
the  manufacture,  sale,  and  importation  of  matches  made  with  white  phos- 
phorus, and  for  other  purposes  in  connection  therewith.    The  following, 
put  briefly,  are  its  provisions  : — Section  1.  Makes  it  unlawful  for  any 
person  to  use  white  phosphorus  in  match-manufacture,  and  any  factory 
in  which  it  is  used  shall  be  deemed  as  a  factory  not  in  conformity  with 
the  Factory  Act,  1901 ;  the  occupier  of  any  match-factory  shall  allow 
an  inspector  under  the  Factory  Act,  1901,  at  any  time  to  take  for  analysis 
samples  of  any  material  used  in  his  factory,  and  on  his  refusal,  shall  be 
guilty  of  obstructing  the  inspector  in  the  execution  of  his  duties  under 
that  Act ;  provided  that,  when  any  such  sample  is  so  taken,  and  on 
providing  the  necessary  appliances,  the  occupier  may  require  the 
inspector  to  divide  the  sample  into  two  parts,  and  to  mark,  seal,  and 
deliver  to  him  one  part.    Section  2.  Forbids  any  person  to  sell,  or  to 
offer  or  expose  for  sale,  or  to  have  in  his  possession  for  purposes  of  sale, 
any  matches  made  with  white  phosphorus ;  and  on  contravention  he 
may,  on  complaint  to  a  Court  of  summary  jurisdiction,  be  ordered  to 
forfeit  such  matches,  which  shall  be  destroyed  or  otherwise  dealt  with 
as  the  Com't  may  determine,  but  this  provision  shall  not  come  into 
operation  as  respects  retail  dealers  until  1st  Jan.,  1911.    Section  3. 
Forbids  the  importation  into  the  United  Kingdom  of  any  matches  so 
made.    Section  4.  Enables  any  manufacturer  who  is  making  or  is  pro- 
posing to  make  matches,  to  present  a  petition  to  the  Board  of  Trade 
praying  for  a  compulsory  licence  to  use  any  process  patented  at  the 
passing  of  this  Act  for  the  making  of  matches  without  white  phosphorus, 
other  than  matches  intended  to  strike  only  on  a  specially  prepared 
surface,  and  the  Board  of  Trade  may  order  the  patentee  to  grant  such 
licence  on  such  terms  as  the  Board  may  think  fit. 

For  the  purposes  of  this  Act,  the  expression  "  white  phosphorus  " 
means  the  substance  usually  known  as  white  or  yellow  phosphorus. 
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The  Anthrax  Order  of  1899  has  been  superseded  by  the  Anthrax  Order 

of  1910  (7989),  which  was  issued  by  the  Board  on  24th  September,  1910, 
and  which  comes  into  operation  on  1st  January,  1911. 

Summarised,  the  provisions  of  the  Articles  of  the  new  Order  are  as 
follow  : — 

Article  1.  Deals  with  interpretations  of  expressions  used  in  the  Order. 

Article  2.  Deals  with  the  notice  to  be  given  of  disease.  (1)  Every  person 
possessing  or  having  under  liis  charge  a  diseased  or  suspected  animal  or  carcase, 
shall  with  all  practicable  speed  give  notice  to  a  constable  of  the  pohce  force 
for  the  area  wherein  the  animal  or  carcase  is  ;  (2)  the  constable  forthwith  shall 
give  information  of  such  notice  to  the  Inspector  of  the  Local  Authority,  who 
shall  forthwith  report  the  same  to  the  L.  A.  ;  (3)  the  Inspector  shall  forthwith 
give  information  to  the  Medical  Officer  of  Health  of  the  Sanitary  District  in 
which  the  diseased  or  suspected  animal  or  carcase  is. 

Article  3.  (1)  Precautions  to  be  taken  by  occupier  in  case  of  suspected  anthrax. 
Occupier  in  such  a  case  shall  (a)  prevent jxccess  of  any  animal  or  fowl  to  the  sus- 
pected case,  or  to  any  part  of  his  premises  which  has  been  exposed  to  infection,  and 
(b)  detain  on  his  premises  such  diseased  or  suspected  animal  and  any  other  animal 
which  has  been  in  the  same  shed,  stable,  building,  yard,  or  field  with  such  sus- 
pected animal :  until  it  is  certified  that  the  animal  or  carcase  was  not  diseased,  or 
a  notice  is  served  on  the  occupier  that  his  premises  are  an  "  infected  "  place 
within  the  meaning  of  the  Diseases  of  Animals  Acts  ;  (2)  the  occupier  shall  also 
disinfect  as  soon  as  possible  with  chloride  of  lime  any  place  where  the  carcase  of  a 
diseased  or  suspected  animal  has  lain  or  where  its  blood  has  escaped. 

Article  4.  Lays  down  the  duty  of  the  Inspector  of  a  Local  Authority  to  act 
at  once  on  information  received  concerning  suspected  anthrax.  He  shall 
forthwith  serve  a  notice  in  the  form  scheduled  in  this  Order  in  terms  of  Article  3. 

Article  5.  Veterinary  Inquiry  as  to  Existence  of  Anthrax  : — 

(1)  A  Local  Authority  shall  forthwith  cause  inquiry  to  be  instituted  by  a 
Veterinary  Surgeon  as  to  correctness  of  information. 

(2)  Owner  or  occupier  of  any  premises  on  which  such  suspected  case  is 
shall  give  all  reasonable  facilities  for  such  inquiry,  imder  a  penalty. 

.(3)  If  the  V.  S.  is  satisfied  at  the  time  of  his  examination  of  the  animal  or 
carcase,  by  a  microscopical  examination  of  its  blood  on  the  spot,  or  by  other  evi- 
dence, that  the  animal  or  carcase  was  not  diseased,  he  shall  forthwith  give  to  the 
L.  A.  a  certificate  to  that  effect,  and  the  L.  A.,  as  soon  as  practicable,  shall  cause 
a  notice  to  be  served  on  the  occupier  of  such  premises  in  terms  scheduled  in  the 
Order. 

(4)  If  the  V.  S.  ia  not  so  satisfied,  he  shall  forthwith  give  to  the  L.  A.  a  certificate 
stating  that  the  case  is  one  of  suspected  anthrax.  He  shall  also  for  the  purpose  of 
further  investigation  take  and  examine  one  or  more  samples  of  the  blood  or  other 
fluid  of  the  animal  or  carcase,  or  of  the  tissue  of  the  carcase,  as  may  be  necessary 
for  that  purpose,  and  as  soon  as  may  be  after  examination  thereof  forward  to  the 
Laboratory  of  the  Board,  Alperton  Lodge,  Wembley,  Middlesex,  such  samples  as 
may  be  required  to  enable  a  Veterinary  Inspector  of  the  Board  to  certify  whether 
or  not  the  animal  or  carcase  was  diseased,  together  with  a  report  of  his  examination 
of  the  animal  or  carcase  and  of  his  further  investigation. 
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Article  6.  Where  the  V.  S.  gives  to  the  L.  A.  a  certificate  that  the  case  is  one  of 
suspected  anthrax,  the  L.  A.  shall  forthwith  direct  an  Inspector  to  carry  out  such 
disinfection  as  the  Inspector  may  deem  necessary  ;  and  in  the  case  of  a  carcase, 
to  cause  the  same  to  be  destroyed  forthwith  in  the  manner  prescribed  in  this 
Order. 

Article  7.  (1)  Where  a  Veterinary  Inspector  of  the  Board  certifies  that  the 
animal  or  carcase  was  diseased,  the  L.  A.  on  receipt  of  such  certificate  sJiull 
forthwith  cause  a  notice  in  the  form  scheduled  in  this  Order  to  be  served  by  an 
Inspector  on  the  occupier  of  the  premises  in  which  the  case  is  or  was,  and 
thereafter  the  premises  within  the  limits  specified  in  the  notice  shall  become  an 
"  infected  place  "  for  the  purposes  of  this  Order. 

(2)  A  similar  notice  may  be  served  on  the  occupier  of  any  premises  which  in 
the  opinion  of  the  L.  A.  have  been  infected  with  disease  by  the  animal  or  carcase, 
or  exposed  to  infection  therefrom. 

(3)  Where  restrictions  have  been  imposed  by  such  a  notice,  the  same  shall 
continue  in  force  until  withdrawn  by  another  notice  in  the  form  scheduled  in  this 
Order  withdrawing  the  former  notice. 

(4)  Where  the  Veterinary  Inspector  of  the  Board  certifies  that  the  animal  or 
carcase  was  not  diseased,  the  L.  A.  shall  cause  a  notice  to  that  effect,  in  the  fortn 
scheduled  in  this  Order,  to  be  served  on  the  occupier  of  the  premises. 

(5)  A  notice  declaring  premises  to  be  an  infected  place  shall  not  be  served  in 
relation  to  a  market-place,  fair-ground,  sale-yard,  place  of  exhibition,  knacker's 
yard,  or  slaughter-house,  except  by  direction  of  the  Board. 

Article  8.  Directs  that  an  Inspector  shall  with  all  practicable  speed  send  copies 
of  any  of  the  above  notices  to  the  Secretary  of  the  Board  of  Agric2ilture  and  Fisheries, 
4  Whitehall  Place,  London,  S.  W.,  and  to  the  police  officer  in  charge  of  the  nearest 
police  station  of  the  District,  and  in  the  case  of  notices  declaring  premises  to  be 
an  infected  place,  or  declaring  a  suspected  animal  or  carcase  not  to  be  diseased 
also  to  the  Medical  Officer  of  Health. 

Article  9.  Declares  that  the  occupier  of  an  infected  place  shall  prevent  access 
of  animals  to  the  diseased  or  suspected  animal  or  carcase,  or  to  any  part  of  the 
premises  which  has  been  exposed  to  infection  from  the  same  ;  shall  not  move 
animals,  or  allow  animals  to  stray  out  of  or  into  the  infected  place,  except  as  ex- 
pressly authorised  by  this  Article.  Any  horse,  ass,  mule,  or  dog,  not  diseased  or 
suspected,  may  be  so  moved,  and  any  animal,  not  diseased  or  suspected,  may  be 
moved  out  of  the  infected  place  to  the  nearest  available  slaughter-house  under  super- 
vision of  an  Inspector  or  other  officer  of  the  L.  A.  for  purposes  of  immediate 
Slaughter,  or  by  permission  in  writing  of  such  Inspector  to  some  premises  which 
snail  thereupon  be  declared  an  infected  place  in  the  manner  indicated  in  Article  7. 

Litter,  dung,  broken  fodder,  utensils,  pens,  hurdles,  or  other  things  shall  not 
iLTa  ^^f^'^ted  place  except  by  written  permission  of  an  Inspector  to 

Article  10.  (l)  A  diseased  carcase  and  any  other  carcase  required  by  this 
Order  to  be  destroyed  shall  be  disposed  of  by  the  L.  A.  as  follows  :- 

(a)  ihe  L.  A.  shall  cause  the  carcase  to  be  destroyed  by  exposure  to  a  hich 
temperature  upon  the  farm  or  premises  upon  which  the  carcase  is,  or  upon 
hv  thr^  ^^iil'^ble  premises  suitable  for  that  purpose  ;  or  (b)  if  authored 
ci^,s?fl.  '  ^^^W'^^y'  ^der  the  supervision  of  an  officer  of  the  L.  A., 
be  rlLnfrrT'^  ?  ,<?^^*'-°yed  in  the  mamier  following  .—the  carcase  shall 
and  ih?]  Tl     '  r  ,  '^f^      ^^'^"'^  *°  P^«^^i^e«  approved  by  the  Board, 

alnts  ,w'r  r  "^""'^'T'^  exposure  to  a  high  temj^e rature,  or  by  chemical 
shaH  l'„l  ?  '      '°  °^  ^^'^  afore-named  methodVl^re  available,  the  L.  A. 

tnLlTll  *°      bm-led  as  soon  as  possible  in  its  skin  in  some  con- 

reZved  frn"  ^  ''"n-*"  "^'""'^  '^^'^^^^^  ^^-'H        ^'^^'^  "^^^ss,  and  which  is 

wZrr.!lr     """-T,  «*nd  at  st.ch  a  distance  from  any  well  or 

7ho  cZrZ  r-  "1*"        ^''^'^      contamination  of  the  wateftherein, 

.  f  the  narf  V.  !   f    H "^^^^^^  °^  ^i'^"  f*'^*  ^elow  the  Surface 

oi  the  earth,  and  with  a  layer  of  lime  not  less  than  one  foot  deep  both  beneath 
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and  above  it.  Wliero  possible,  the  place  of  burial  shall  be  the  farm  or  pre- 
mises upon  which  the  animal  died  or  was  slaughtei'ed. 

(2)  A  diseased  or  suspected  carcase  shall  not  be  buried  oj-  destroyed  other- 
wise than  by  the  L.  A.,  or  be  removed  from  the  farm  or  premises  upon  which 
the  animal  died  or  was  slaughtered  except  by  the  L.  A. 

Before  removal  for  bm-ial  or  destruction,  all  the  natural  openings  of  tlie 
body  of  the  animal  shall  be  effectually  plugged  with  tow  or  some  suitable 
material  soaked  in  a  saturated  solution  of  carbolic  acid  or  other  disinfectant 
equal  in  disinfective  efficiency.  In  no  case  shall  the  skin  be  cut,  nor  shall  any- 
thing be  done  to  cause  effusion  of  blood,  except  by  aV.  S.  acting  imder  directions 
of  the  L.  A.,  and  so  far  only  as  may  be  necessarj''  for  microscopical  or  cultural 
examination  purposes  :  Provided  that  nothing  in  this  paragraph  shall  prevent 
a  V.  S.  on  behalf  of  the  owner  from  taking  a  sample  of  the  blood,  or  other  fiuid,  or 
tissue,  from  the  carcase  for  such  examination  in  any  case  in  which  neither  the 
history  of  the  case  nor  any  external  lesions  point  to  the  existence  of  anthrax. 

The  L.  A.  may  cause  or  allow  a  carcase  to  be  taken  into  the  district  of 
another  L.  A.  to  be  buried  or  destroyed,  with  the  previous  consent  of  that 
L.  A.,  but  not  otherwise. 

Article  11.  The  milk  of  any  diseased  or  suspected  cow  or  goat  shall  not  be 
mixed  with  other  milk,  and  all  milk  affected  by  the  terms  of  this  Article  shall  be 
boiled  or  otherwise  sterilised,  and  any  utensil  in  which  such  milk  is  placed  before 
being  so  treated  shall  be  thoroughly  cleansed  with  boiling  water  before  any  other 
milk  is  placed  therein. 

Article  12.  It  shall  not  be  lawful,  except  with  the  licence  of  the  Board  or 
permission  in  writing  of  an  Inspector  of  the  Board,  to  dig  up  or  cause  to  be 
dug  up,  the  carcase  of  any  animal  buried,  whether  in  terms  of  this  Order  or 
otherwise. 

Article  13.  (1)  The  L.  A.,  at  their  own  expense,  shall  cause  to  be  cleansed 
and  disinfected  under  direction  of  an  Inspector,  and  in  the  mode  prescribed  in 
this  Article — 

(a)  All  parts  of  any  place  or  premises  in  which  a  diseased  animal  has  died 
or  been  slaughtered,  or  has  been  kept  at  the  date  of  such  death  or  slaughter ; 
(6)  every  utensil  or  thing  used  for  or  about  any  such  diseased  animal  or  carcase  ; 
(c)  every  van,  cart,  or  other  veliicle  used  for  carrying  any  diseased  animal  or 
carcase  on  land  otherwise  than  on  a  railway. 

(2)  Any  part  of  a  place  or  thing  so  required  to  be  disinfected  by  this 
Order  shall  be  cleansed  and  disinfected  in  manner  following  : — 

(a)  Such  part  of  a  place  or  thing  shall  be  thoroughly  soaked  or  drenched 
with  a  4  per  cent,  (minimvim)  solution  of  carbolic  acid,  containing  not  less  than 
95  per  cent,  of  actual  carbolic  acid  ;  then  (6)  such  part  of  a  place  or  thing  shall, 
if  the  nature  thereof  so  permit,  be  scraped  and,  where  necessary,  swept ;  and 
the  scrapings  and  sweepings,  and  all  dung,  sawdust.  Utter,  and  other  matter, 
shall  be  effectually  removed  therefrom  ;  then  (c)  such  part  of  a  place  or 
thing  shall  be  thoroughly  washed  or  scrubbed  or  scoured  with  water,  and  then 
thoroughly  coated  or  washed  with  (1)  1  per  cent,  (minimum)  solution  of 
chloride  of  Ume,  containing  not  less  than  30  per  cent,  available  chlorine,  or 
(2)  4  per  cent,  (minimima)  solution  of  carbolic  acid  (of  above  strength) 
followed  by  a  thorough  sprinkUng  with  limewash,  or  (3)  a  disinfectant  equal 
in  disinfective  efficiency  to  such  solution  of  carbohc  acid,  followed  by  a 
thorough  sprinkling  with  limewash. 

(3)  All  scrapings  and  sweepings,  and  the  dimg,  etc.,  shall  be  forthwith 
burned  or  otherwise  destroyed ;  and  if  destruction  is  not  practicable,  to  be  well 
mixed  with  quicklime  and  removed  from  contact  with  animals. 

(4)  The  L.  A.,  at  their  own  expense,  shall  cause  any  Utter,  dimg,  or  Ijroken 
fodder  which  appears  to  them  or  their  Inspector  to  be  likely  to  spread  disease, 
to  bo  dbiinfected  or  destroyed,  Or  to  be  burned  or  destroyed  if  impracticable  to 
disinfect  thorougldy. 

(5)  Where  coat  of  disinfection  has  been  increased  by  any  wilful  act  or  neglect 
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of  owner  of  animal  or  carcase,  the  L.  A.  shall  be  entitled  to  recover  from  the  owner 
such  additional  cost  so  caused. 

Article  14.  (1)  Declares  tliat  the  occupier  of  any  place  and  the  owner  of 
any  thing  liable  to  be  cleansed  and  disinfected  in  terms  of  this  Order  shall  give 
all  reasonable  facilitios  to  the  L.  A.  for  that  purpose,  imder  a  penalty. 

(2)  L.  A.  may  by  written  notice  of  an  Inspector  and  served  on  such  occupier 
or  owner,  require  him  to  cleanse  and  disinfect  any  such  premises  or  any  such  thing 
at  the  expense  of  the  L.  A.,  and  any  such  person  failing  thereafter  so  to  do  shall  be 
guilty  of  an  offence. 

Article  15.  Makos  it  unlawful  for  any  person  ( 1 )  to  expose  a  diseased  or  sus- 
jDocted  animal  in  a  market  or  fair,  or  in  a  sale-yard,  or  other  public  or  private 
place  where  animals  are  commonly  exposed  for  sale  ;  or  (2)  to  place  such  a:i 
animal  in  a  fair  or  other  place  adjacent  to  or  connected  with  such  a  place  ;  or 
(3)  to  send,  carry,  or  cause  to  be  sent  or  carried,  any  such  animal  on  a  railway, 
canal,  river,  or  inland  navigation,  or  in  a  coasting  vessel ;  or  (4)  to  carry,  lead, 
or  drive,  etc.,  any  such  animal  on  a  highway  or  thoroughfare  ;  or  (5)  to  place 
or  keep  any  such  animal  on  common  or  unenclosed  land,  or  in  a  field  or  place 
insufficiently  fenced  or  adjoining  a  highway,  unless  that  field  is  so  fenced  or 
situated  that  animals  therein  cannot  in  any  manner  come  in  contact  with 
animals  passing  along  that  liighway  or  grazing  on  the  sides  tliereof  ;  or  (6)  to 
graze  any  such  animal  on  pasture  on  the  sides  of  a  liighway  ;  or  (7)  to  allow 
any  such  animal  to  stray  on  a  highway  or  thoroughfare  or  on  sides  thereof,  or 
to  be  on  common  or  unenclosed  land,  or  in  a  field  or  place  insufficiently  fenced. 

Notwithstanding  anything  in  this  Order,  an  animal  exposed  or  other- 
wise dealt  with  in  contravention  of  this  Article  may  be  moved  by  or  utnder  the 
direction  of  an  Inspector  of  the  L.  A.,  to  some  convenient  and  isolated  place. 

Article  16.  Declares  that  any  powers  by  this  Order  conferred  upon  a  L.  A. 
or  an  Inspector  of  a  L.  A.,  may  at  any  time  be  exercised  by  the  Board  or  an 
Inspector  of  the  Board  respectively. 

Article  17.  Enacts  that  the  provisions  of  this  Order,  except  wherein  it  is 
otherwise  provided,  shall  be  executed  and  enforced  by  the  L.  A. 

Article  18.  Where  the  existence  of  anthrax  is  certified  under  Article  5  of  this 
Order  by  a  Veterinary  Inspector  of  the  Board,  an  Inspector  of  the  L.  A.  shall 
forthwith  make  a  retm-n  thereof  to  the  L.  A.  and  to  the  Board,  with  all  parti- 
culars therein  required,  and  shall  continue  so  to  do  weekly  until  the  disease 
has  ceased. 

Article  19.  Horses,  asses,  mules,  and  dogs  (as  well  as  the  animals  specified 
in  the  Diseases  of  Animals  Act  of  1894)  shall  be  animals,  and  antlirax  (that  is 
to  say,  the  disease  called  or  Imown  as  anthrax,  splenic  fever,  or  splenic  apo- 
plexy of  animals)  shall  be  a  disease  for  the  purposes  of  Sections  43  and  44  of  the 
Act  of  1894,  and  also  for  the  purposes  of  all  other  sections  of  that  Act  wliich 
contain  provisions  relative  to  or  consequent  on  the  provisions  of  the  afore- 
named sections  and  of  tlxis  Order. 

Article  20.  Declares  that  where  the  owner  or  person  in  charge  of  an  animal 
is  charged  with  an  offence  against  the  Act  of  1894  relative  to  anthrax,  he  shall 
be  presumed  to  have  known  of  the  existence  of  that  disease,  imless  and  mitil 
he  shows,  to  the  satisfaction  of  the  Court,  that  he  had  not  knowledge  thereof, 
and  could  not  with  reasonable  dihgence  have  obtained  that  knowledge. 

Article  21.  Deals  with  such  acts  or  omissions  in  contravention  of  this  Order 
as  are  held  to  be  offences  against  the  Act  of  1894. 

Article  22.  Revokes  the  Order  of  1899. 

Article  23.  Extends  this  Order  to  England  and  Wales  and  Scotland. 
Article  24.  Declares  that  this  Order  shall  come  into  operation  on  1st  Jan., 

1 1/ 1  1 . 

Article  25.  This  Order  may  be  cited  as  the  Anthrax  Order  of  1910. 

The  First  Scliedule  gives  the  Forms  of  Notices  referred  to  iu  the 
preceding  Ai-ticles,  and  the  Second  Schedule  revokes  the  Order  of  1899. 
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Note. — The  parts  of  this  Order  printed  in  italics  are  new.  Article  10  has 
been  altered  and  rearranged.  In  the  Order  of  1899,  the  carcase  was  to  be 
buried,  or,  alternatively,  was  to  be  removed  under  charge  of  an  officer  of  the 
L.  A.  to  a  knacker's  yard  or  other  suitable  place,  and  there  be  destroyed  by 
subjecting  it  to  exposure  to  a  high  temperature  or  by  chemical  agents.  In  the 
present  Order,  it  is  only  to  be  buried  where  the  circumstances  do  not  permit 
of  exposure  to  high  temperatvire  or  treatment  by  chemical  agents.  Article  11 
of  the  present  Order  alters  the  mode  of  dealing  with  the  milk  of  a  cow  suffer- 
ing from  anthrax.  In  the  Order  of  1899,  it  was  only  held  to  be  imlawful  to 
remove  the  milk  of  such  an  animal  from  the  shed  or  other  place  in  which  the 
animal  was  kept.  Article  13,  which  deals  with  cleansing  and  disinfection  of 
premises,  is  more  specific  than  the  provisions  of  the  Order  of  1 899  respecting 
the  kinds  and  disinfective  efficiency  of  the  disinfectants  to  be  employed. 


APPENDIX  II 


DISPOSAL  OF  THE  DEAD 


I.  SCOTLAND 

A.  Of  the  Infectious  Dead. 

Special  enactments  have  been  made  respecting  the  temporary  disposal  and 
transportation  of  the  bodies  of  persons  who  have  died  from  infectious  diseases, 
in  order  to  prevent  propagation  of  such  diseases. 

1.  The  practice  of  "  waking  "  the  dead  body  of  any  person  who  has  died 
from  infectious  disease  has  been  made  penal  in  the  Public  Health  (Scotland) 
Act,  1897,  section  56,  clause  d  (see  p.  462). 

Section  62.  Prohibits  the  body  of  any  person  who  has  died  of  any  infectious 
disease  to  be  retained  unburied  for  more  than  48  hours  elsewhere  than  in  a 
room  not  used  as  a  dwelling-place,  sleeping-place,  or  workroom,  except  v.dth 
the  wntten  sanction  of  the  medical  officer  or  of  a  legaUy  quahfied  medical 
practitioner  (see  p.  462). 

Section  63.  Enacts  that  if  a  person  dies  in  a  hospital  or  place  of  temporary 
accommodation  of  the  sick  from  any  infectious  disease,  and  the  medical  officer 
or  other  legaUy  quahfied  medical  practitioner  certifies  that  it  is  desirable  in 
order  to  prevent  the  risk  of  spreading  the  disease,  that  the  body  should  not  be 
removed  from  such  hospital  or  place  except  for  the  piupose  of  being  forthwith 
buried.  It  shall  not  be  lawful  to  remove  the  body  except  for  that  purpose  and 
when  so  removed,  the  body  shall  be  forthwith  taken  to  the  place  of  bm-ial  and 
be  there  buried  (see  p.  478). 

Section  69.  Provides  that  where  the  body  of  a  person  dead  of  any  infectious 
disease  is  retamed  m  a  room  m  which  persons  hve  or  sleep,  where  the  body  of 
any  such  person  is  retained  longer  than  48  hours  without  the  sanction  of 'the 
medical  officer  or  legally  quahfied  medical  practitioner  elsewhere  than  in  a 
room  not  used  at  the  time  as  a  dwelhng-place,  sleeping-place,  or  workroom; 
or  any  dead  body  is  retamed  in  any  house,  or  room,  or  ship  under  circumstances 
which,  if  continued,  may  endanger  the  health  of  the  inmates  thereof  or  of  any 
adjoining  or  neighbouring  house  or  building  ;  or  where  any  dead  body  within 
the  district  IS  unclaimed,  or  no  sufficient  person  undertakes  to  bury  it :  a 

or  rf';      ^^^^'^"^  ^^^y'  °^  *  certificate  signed  by  a  medical  officer 

or  egaUy  quahfied  medical  practitioner,  order  the  body  to  be  removed  to  a 
mortuary,  and  may,  if  it  is  the  body  of  a  person  who  has  died  from  infectious 
burwf^  ^« ''o^siders  immediate  burial  necessary,  dii-ect  that  the  body  be 
reSon w  1  ^  ""fu  """""^^^  *°  mortuary.  Should  the  frieni  or 
relations  of  deceased  not  bury  the  body  in  the  tune  directed,  the  Local  Authority 

Spenl^o°f  LlZ^r^'"  '"^'""^  '""^  ^^^^"^  ^^^^^  *° 

convev3r*l'°''.f  ""^^  infectious  dead  body  by  railway  or  other  public 
the  mS' t  ^""V  ^  ^^^^ey^nce  set  apart  for  that  pm-pose,  and  until 
the  Xtf  ^"^f^  "1"^^^^"^  practitioner  ha^  certified  that 

under  rpanStr'        "^  ''""^  ^^^^idden 

d,m!!r"°°       ^'^^^  P^'"''  *°  Government  Board  in  the  case  of  a 

^.tefme^  oTttTaC:;'  TsJ ^^^^^  '^^^'^ 
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The  Cholera,  Plague,  and  Yellow  Fever  Order,  1898,  article  17,  declares  that 
in  the  e\'ent  of  any  deatli  from  cholera,  plague,  or  yellow  fever  taking  place  on 
board  any  infected  ship  at  ancliorage  at  tlie  place  fixed  for  that  purpose,  the 
master  of  the  ship  shall,  as  directed  by  the  Local  Authority  or  the  medical 
officer  of  health,  either  cause  the  dead  body  to  be  taken  out  to  sea  and  com- 
mitted to  the  deep,  properly  loaded  to  prevent  its  rising,  or  shall  deliver  it 
into  the  charge  of  the  L.  A.,  who  shall  thereupon  cause  the  same  to  be  otherwise 
lawfully  and  properly  disposed  of. 

.  According  to  the  General  Sanitary  Regulations  adopted  by  the  Convention 
of  Venice  for  Prevention  of  Plague,  chap.  IV.,  the  corpses  of  plague-stricken 
patients  should  be  wrapped  in  a  shroud  impregnated  with  corrosive  sublimate 
and  thrown  into  the  sea. 

In  the  Regulations  isstied  by  the  Home  Secretary  in  virtue  of  the  powers 
contained  in  section  7  of  the  Cremation  Act,  1902,  it  is  declared  that  in  the  case 
of  any  person  dying  of  plague,  cholera,  or  yellow  fever  on  board  ship  or  in  a 
hospital  or  temporary  place  of  reception  of  the  sick,  the  medical  referee  imder 
tlie  Act,  if  satisfied  of  the  cause  of  death,  may  dispense  with  the  ordinary 
rec|iiirement3  for  cremation  ;  and  the  regulations  may  be  temporarily  sus- 
pended or  modified  in  any  district  by  the  Secretary  for  Scotland  on  application 
of  a  L.  A.  during  an  epidemic,  or  for  other  sufficient  reason. 

B.  Of  the  Dead  from  other  Causes. 

Burial-Grounds  (Scotland)  Act,  1855. 

Section  2.  Enacts  that  parochial  Boards  shall  carry  this  Act  into  execution  ; 
in  parishes  by  the  parochial  Boards,  and  in  parishes  within  the  limits  of  any 
burgh  the  To\vn  Coimcil  shall  be  held  to  be  the  parochial  Board. 

Section  3.  That  where  any  parish  is  partly  -wdthin  and  partly  without  the 
Umits  of  any  burgh,  the  Sheriff  of  the  coimty,  on  an  apphcation  to  him  by  any 
two  members  of  the  parochial  Board,  or  by  any  ten  poor-rate  payers  within 
such  parish,  or  by  any  two  or  more  householders  residing  vrithin  100  yards 
of  any  burial-grovmd  or  proposed  burial-ground  within  such  parish,  and  after 
due  notice  in  The  Edinburgh  Gazette  and  local  newspapers,  may  hear  parties 
having  an  interest,  and  may  determine  whether  such  parish  shall  be  held  to 
be  a  parish  within  or  without  the  limits  of  such  burgh,  and  his  interlocutor 
so  determining  shall  be  as  vahd  as  if  the  same  were  set  forth  in  this  Act ;  and 
it  shall  not  be  competent  to  make  any  such  new  apphcation  till  after  the  lapse 
of  five  years  from  date  of  last  determination  by  the  Sherif?. 

Section  4.  That  it  shall  be  lawfulfor  anyof  theforenamed  persons  as  grouped, 
to  present  a  petition  to  the  Sheriff  of  the  county  within  which,  a  burial-ground 
or  proposed  burial-ground  is  situated,  setting  forth  that  a  burial-ground  within 
such  parish  or  distance  is  or  would  be  dangerous  to  health ,  or  offensive  or  con- 
trary to  decency,  and  the  Sheriff  shall  thereupon  fix  a  day,  not  more  than  20 
days  after  such  petition  is  presented,  for  inciuiring  into  the  allegations  therein 
contained,  intimation  of  the  same  to  be  made  as  before,  and,  on  hearing  the 
petition,  shall  permit  all  interested  parties  to  appear  ;  and  if  thereafter  he 
shall  be  of  opinion  that  such  allegations  are  true,  he  shall  issue  an  interlocutor 
to  such  effect,  and  shall  transmit  a  copy  thereof  to  one  of  H.  M.'s  Principal 
Secretaries  of  State. 

Section  5.  That  on  representation  of  a  Secretary  of  State,  his  Majesty  in 
Council  may  restrain  the  opening  of  a  new  burial-grormd  and  order  discontinu- 
ance of  burials  in  places  specified,  but  no  such  Order  in  Council  (section  7) 
shall  be  deemed  to  extend  to  any  burial-groimd  of  the  people  called  Quakers 
or  of  persons  of  the  Jewish  persuasion,  or  to  any  private  non-parochial 
burial-ground,  imless  the  same  be  expressly  mentioned  in  such  Order. 

Section  8.  That  notwithstanding  such  Order.it  shall  be  lawfulfor  a  Secretary 
of  State,  on  application  to  him  by  any  person  having  a  right  to  bury  within  any 
churchyard  or  burial-ground  affected  by  such  Order,  and  on  being  satisfied  that 
the  exercise  of  such  right  will  not  be  injurious  to  health,  to  grant  licence  to 
exorcise  such  right  subject  to  such  conditions  as  ho  may  think  fit. 
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Section  9.  Tlmt  ftlthoiigli  no  burial-ground  in  a  pariKh  has  beeji  closed  by 
OrdtT  ill  ('(Hiiu'il,  inspoc'tcji'  of  pool"  of  a  parisli  not  witliin  a  burgh,  and  tlio 
Town  L'lork  in  tlio  ca-io  of  a  pai-ish  within  a  burgli,  on  roqiiiKition  in  writing  of 
ten  or  moro  poor-rate  paycr.-i  or  of  any  two  or  moi-c  members  of  tlie  parochial 
Board,  shall  convene  a  special  mooting  of  the  parocliial  Board  of  such  parish 
for  the  purpose  of  determining  whether  a  burial-ground  shall  be  provided  under 
tills  Act  for  the  parish,  and  if  a  majority  of  such  meeting  shall  resolve  that  a 
burial-ground  should  be  provided,  such  new  burial-ground  shall  be  pro\'ided  in 
the  same  manner  as  if  an  old  burial-ground  had  been  closed  by  Order  in  Council. 

Section  10.  That  where  a  burial-ground  has  been  closed  by  Order  in  Coimcil, 
the  parochial  Board  shall  forthwith  proceed  to  provide  a  suitable  and  convenient 
burial-ground  for  the  parish,  and  if  such  be  not  so  provided  within  six  months 
after  such  Order  or  requisition  as  aforesaid,  any  ten  or  more  ratepayers,  or  any 
two  or  more  members  of  the  parochial  Board,  may  apply  to  the  Sheriff  bj"- 
summary  petition  to  have  a  suitable  portion  of  land  designated  for  sucli  pur- 
pose ;  and  the  Sheriff  shall  examine  such  witnesses  and  make  such  inquiry 
as  he  shall  think  proper,  shall  keep  a  note  of  such  evidence,  and,  if  he  thinks 
lit,  shall  thereupon  proceed  to  designate  and  set  apart  such  portion  as  he  may 
deem  necessary  of  any  lands  in  sucli  parish  suitable  for  the  purpose,  not  being 
part  of  any  policy,  pleasure-groimd,  or  garden  attached  to  any  dwelling. 

Section  11.  That  no  groimd  notalreadyusedasorappropriatedfor  a  cemetery 
shall  be  appropriated  as  a  burial-ground,  or  as  an  addition  to  a  burial-ground, 
under  this  Act,  nearer  than  100  yards  to  any  dwelling-house,  without  the  con- 
sent in  writing  of  the  owner,  lessee,  and  occupier  of  such  dwelling-house. 

Section  12.  That  the  parochial  Board  may  purchase  land  for  cemeteries,  or 
may  contract  with  any  cemetery  company. 

Section  14.  That  parochial  Boards  may  combine  in  pro\dding  a  burial- 
groimd  for  the  common  iise  of  their  parishes. 

Section  17.  That  the  general  management,  regulation,  and  control  of  burial- 
groimds,  subject  to  the  provisions  of  this  Act  and  the  regulations  to  be  made 
thereimder,  shaU  be  vested  in  and  exercised  by  the  respective  parochial 
Boards  providing  the  same. 

Section  18.  That  parochial  Boards  may  seU  exclusive  rights  of  burial  and 
right  to  erect  momunents,  but  such  exclusive  rights  shaU  not  extend  in  all  to 
a  space  greater  than  one-half  of  the  bm-ial-grotmd. 

Section  19.  That  parochial  Boards  may  make  arrangements  for  faciUtating 
the  conveyance  of  bodies  to  burial-grounds. 

Section  20.  That  parochial  Boards  may  provide  places  for  the  reception  of 
bodies  untd  interment. 

Section  21.  That  a  Secretary  of  State  may  make  regulations  as  to  burial- 
grounds  and  places  of  reception  of  bodies  previous  to  interment,  for  the  pro- 

narn^^if^     J",  u^'^""^*''  '^'^^         m'-^intenance  of  pubUc  decencv  ;  and 
paroch  al  Boards  shall  conform  to  and  obey  such  regulations  ;  and  " 

Ant  rr  u  V         !*    }  """^y  burial-groimd  pro^^ded  under  this 

Boar? f  1^  "^l^f^ll^  register-book  to  be  pro%dded  bv  the  parochial 

mSXeVl  7     ?  .      ^h^-*  P^^^P°se;  and  in  such  register-books  shall  be  distin- 

Srllf         ^       \'  i         burial-ground  the  several  bodies  are  buried  : 

in  IS^f    f  r,  'I  °^  '^^^^^^^  «°      to  facilitate  searches  for  entries 

evidence  if  tL  t°  f  """"^       ^e  received  in  all  Courts  a- 

evicience  of  the  burials  entered  therein. 

hJfa^r^~J\iP'^  sections  of  the  foregoing  Act  which  have  been  omitted 
nave  a  more  or  less  legal  bearing  only 

compLenStMt'r^'^  fn'"  ^''"'''^  (Scotland)  Act,  1897,  makes  it 

for  a^nv  Parish  ?  Government  Board,  or  for  any  Local  Authority,  or 

Ground JscTtWl  'r'h\°.r  '^'^  ^'^^"'^  '"^^^^  «^^t>on  *  Burial 

^rpifocl  al  R      ;  ^       ^"'^  ^^'''^^y  '^'^''"^l^  tl^^t  «e^tio'^  («ee  also  p.  5151. 

there  orbvtirT  o^afp  '^'^""'^^^^  ^"^^^  "  P'^'-^^'^  councils"  sub.^itutod 

tnereior  by  the  Local  Government  (Scotland)  Act.] 
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Bye-laws  for  the  Regulation  of  Cemeteries. 

The  following  bye-laws,  which  are  iu  oporfitioii  in  Glasgow,  after  approval 
by  the  Secretary  for  Scotlanil.  may  bo  taken  as  typical  of  bye-law.-?  relating  to 
burial-groimds  in  Scotland  : 

(1)  "  Grave  "  means  a  burial-place  formed  in  the  ground  by  excavation, 
and  without  any  internal  wall  of  brickwork  or  stonework,  or  any  other  arti- 
ficial lining ;  "  vault,"  includes  burial-places  of  every  description  except 
graves  to  which  the  word  "  grave,"  interpreted  as  aforesaid,  applies  ;  "  per- 
son "  shall  include  any  person  or  individual  or  combination  of  persons. 

(2)  Every  burial-ground  shall  be  effectually  fenced,  and,  if  necessary,  under- 
drained  to  such  a  depth  a?  will  prevent  water  remaining  in  any  grave  or  vault. 

(3)  The  area  to  be  used  for  graves  shall  be  divided  into  grave-spaces,  to  be 
designated  by  convenient  marks,  so  that  the  position  of  each  may  be  readily 
determined,  and  a  corresponding  plan  kept  in  which  each  grave-space  sliall  be 
shown. 

(4)  A  register  of  graves  shall  be  kept,  in  which  the  name,  age,  and  date  of 
burial  in  each  shall  be  duly  registered. 

(5)  A  person  shall  not,  in  excavating  a  grave  in  any  cemetery,  cause  or 
suffer  to  be  left  between  such  excavated  grave  and  the  nearest  part  of  any 
coffin  in  any  adjacent  grave,  less  than  one  foot  of  solid  earth  ;  or  cause  or  suffer 
to  be  interred  any  coffin  nea7-er  than  eighteen  inches  laterally  to  the  nearest  part 
of  iiny  other  coffin. 

(6)  A  person  shall  not,  in  any  part  of  a  cemetery,  cause  or  suffer  the  body 
of  a  person,  whose  age  at  the  time  of  death  did  not  exceed  tivelve  years,  to  be 
buried  in  a  grave  in  such  a  manner  as  to  require  or  allow  any  part  of  the  coffin 
containing  the  body  to  be  placed  at  a  less  depth  than  three  feet  below  the  level 
of  the  surface  of  the  grovmd  adjoining  the  grave. 

(7)  Ts  the  same  as  (R),  except  that  where  the  age  exceeds  twelve  years,  the 
depth  shall  be  not  less  than  four  feet  below  the  surface  of  the  ground. 

(8)  A  person  shall  not,  in  any  part  of  a  cemetery,  cause  or  suffer  the  body 
of  any  person  to  be  buried  in  any  grave  in  which  the  body  of  any  person  has 
been  pre\-iously  buried,  in  such  a  manner  as  to  disturb  the  earth  upon  or 
around  the  coffin  containing  such  body,  for  the  space  of  one  foot  above  such 
coffin. 

(9)  A  person  shall  not,  etc.,  cause  a  body  to  be  buried  in  a  grave  otherwise 
than  in  such  a  manner  as  to  provide,  by  means  of  a  sufficient  layer  or  layers 
of  earth  which  shall  throughout  be  closely  rammed  down  and  be  not  less  than 
one  foot  in  thickness,  for  the  effectual  separation  of  the  coffin  containing  the 
body  from  any  coffin  already  placed  in  the  grave. 

(10)  A  person  shall  not,  etc.,  cause  or  suffer  the  coffin  of  any  person  de- 
posited in  any  gra%^e  to  remain  exposed,  but  shall  forthwith  cover  it  with  a 
layer  of  earth,  which  shall  throughout  be  closely  rammed  down  and  be  not 
less  than  one  foot  in  thiclmess  ;  and  every  coffin  shall  be  covered  before  the 
expiry  of  the  working  hours  of  the  day  of  burial  with  at  least  three  feet  of 
earth. 

(11)  A  person  shall  not,  etc.,  cause  or  suffer  the  coffin  of  any  person  to  be 
broken  up,  or  remove  any  portion  of  any  coffin  or  any  human  remains  from  a 
grave,  or  disturb  or  remoVe  any  portion  of  the  soil  which  shall  be  perceived  to 
be  offensive  or  impregnated  with  animal  matter. 

(12)  Every  person  who  buries  a  body  in  a  grave  in  any  part  of  a  cemetery 
shall,  as  soon  as  reasonably  may  be  after  the  lapse  of  such  a  period  as  may 
ordinarily  suffice  for  the  natural  subsidence  of  the  earth  with  which  the  grave 
has  been  filled  up,  cause  the  surface  of  the  grave,  in  so  far  as  not  occupied  by 
any  grave-stone  or  other  similar  structure,  to  be  properly  dressed  and  covered 
with  fresh  turf,  or  shall  cause  the  surface  of  the  grave  to  be  sown  with  grass,  or 
planted  with  shrubs  or  other  suitable  vegetation. 

(13)  Every  person  who  buries  a  body  in  a  vault  in  any  part  of  a  cemetery 
shall  either  forthwith  cause  the  coffin  to  be  covered  with  dry  porous  earth  to 
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the  depth  of  two  feet,  or  within  a  period  of  twelve  hours  after  burial  eauee  the 
coffin  to  bo  wliollj'  and  permanently  embedded  in  and  covered  with  a  layer  or 
layers  of  good  cement  concrete  not  loss  in  any  part  than  five  inches  in  thick- 
ness ;  or  to  he  wholly  and  permanently  enclosed  in  a  separate  cell  or  receptacle, 
which  shall  be  constructed  of  slate  or  stone-flagging  not  less  than  two  inches 
in  thickness,  properly  jointed  in  cement,  or  of  good  brickwork  in  cement  and 
in  such  manner  as  to  prevent,  as  far  as  may  be  practicable,  the  escape  of  anj^ 
noxious  gas  from  the  interior  of  such  cell  or  receptacle. 

(14)  No  person  shall  cause  or  suffer  any  portion  of  a  cemetery  which  has 
been  laid  out  as  a  road  or  footpath,  or  other  means  of  access  or  approach,  to 
be  used  for  the  purposes  of  burial,  unless  with  the  consent  in  writing  of  the 
Police  Commissioners  [or  Parish  Council]. 

(15)  Every  person  who  contravenes  or  fails  to  cany  out  any  of  the  fore- 
going bye-laws,  shall  be  liable  to  a  penalty  not  exceeding  £5  for  each  offence. 

Glasgow,  27th  April  1891. 


II.  ENGLAND  AND  WALES 

A.  Of  the  Infectious  Dead. 

"  Waking"  the  dead  in  cases  of  infectious  disease  was  made  unlawful  by 
section  68  of  the  Public  Health  Acts  Amendment  Act,  1907  (adoptive). 

The  prohibition  regarding  retention  of  the  body  of  any  person  who  has  died 
of  any  infectious  disease  elsewhere  than  in  a  mortucry  or  non-occupied  room 
is  laid  down  in  section  8  of  the  Infectious  Disease  (Prevention)  Act,  1890  ;  the 
provision  respecting  the  removal  from  hospital  only  for  burial  of  the  body  of 
any  person  dying  from  infectious  disease,  in  section  9  of  the  same  Act,  and  for 
the  Metropolis,  in  section  73  of  the  P.  H.  (London)  Act,  1891  ;  and  the  power  of 
Justices  to  order  m  certain  cases  dead  bodies  to  be  buried,  in  section  10  of  the 
Infectious  Disease  (Prevention)  Act  1890  mentioned  above. 

Transportation  of  the  body  of  a  person  who  has  died  of  an  infectious  disease 
m  any  pubhc  conveyance  other  than  a  hearse,  without  pre\^ous  notification 
ot  that  fact  to  the  owner  or  driver,  and  the  failure  on  the  part  of  the  owner  or 
driver  of  any  public  conveyance  other  than  a  hearse  used  for  such  conveyance 
atter  such  notification  to  have  the  conveyance  efficiently  disinfected,  are 
offences  under  section  11  of  the  last-named  Act  and  section  74  of  the  P.  H. 
(London)  Act,  1891. 

The  provisions  with  respect  to  deaths  from  cholera,  plague,  and  vellow 
fever,  and  the  application  of  the  Cremation  Act,  1902,  thereto,  apply  equallv 
to  England  and  Wales  as  to  Scotland  (see  p.  573).  .  i-f  •     i  • 

B.  Of  the  Dead  from  other  Causes. 

The  law  Regarding  burial  and  Cremation  is  contained  in  tlie 

1.  Burial  Acts,  1852-1906  ; 

o  S^^^ic  Health  (Interments)  Act,  1879;  and  the 

6.  Cremation  Act,  1902,  which  apphes  also  to  Scotland. 

I.  Burial  Acts,  1852-1906. 

are  a?  fo'llow -^"'''''""^  "^^"^'^  attention  ought  to  be  directed, 

Sec2afv"ylf'<;;/^f '  \^''\\  ^.'^^^t^'-Section  1.  That  on  the  representation  of  a 

tl  e  drscontinn!'''''^    .''"^  r^^'  burial-ground  in  any  citv  or  to^nl.  or  ordering 
hal  Tt  extonTI    ,    "''f '      "'^^^^''^"^  ^l-ees  :  Section  2.  That  such  Orde? 
exorUsK-  inH?,  .   ,     '^"''"^^^••"""^l^  of  tl^e  Quakers  or  Jews  unless  such  are 
Z3  L         T/"n'".  *•  That  should  an  existing  burial-" 

b  S  twl  "    ^  ^r^!'  ''^y  P'^'--'"  I'-ving  exclusive  right  of 

pe  1  SMcrnr'' '''''' State,  who  nuw  grant  a  licence  to 
permit  such  person  oxorc.smg  h.s  right  to  bury,  under  such  conditions  as  ho 
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may  choose  to  make,  and  provided  that  the  exercise  of  such  right  shall  not,  be 
injurious  to  liealth  ;  Section  5.  Tliat  this  Act  shall  not  apply  to  cemeteries  or 
burial-grounds  establislied  by  Act  of  Parhamont ;  and  Section  8,  that  a  register 
of  burials  shall  be  kept  in  all  burial-grounds,  as  in  the  Statute  for  Scotland  {q.v.). 

{b)  Interment  under  or  within  the  walls  of  any  churcli  was  forbidden  hi 
the  Burial  Act  of  1848,  and  this  provision  was  incorporated  in  the  P.  H.  Act, 
1875,  schedule  V.,  part  iii.,  as  also  were  the  provisions  .of  other  Burial  Acts 
— viz.  as  to  constitution  of  Burial  Boards,  and  the  power  of  urban  Authorities 
constituted  Burial  Boards  to  repair  fences  surroimding  burial-gromids,  to  pre- 
vent desecration  of  the  same,  to  place  such  in  a  proper  sanitary  condition,  and 
to  pass  bye-laws  for  their  regulation  and  preservation. 

(c)  The  Burial  Act,  1863.  Gave  power  to  the  Secretary  of  State  for  the 
Home  Department  to  lay  down  regulations  for  grounds  and  cemeteries  {vide 
postea). 

(d)  The  Disused  Burial  Grounds  Act,  1864.  Made  it  illegal  to  erect  any 
building  upon  a  disused  bm-ial-groimd  except  for  enlargement  of  an  existing 
place  of  worship. 

(e)  The  Burial  Act,  1906.  Amended  section  9  of  the  Burial  Act,  1855,  to 
read  that  the  consent  of  the  owner,  lessee,  and  occupier  of  a  dwelling-houEe 
to  the  use  for  burials  of  any  ground  used  or  appropriated  for  a  burial-ground 
or  cemetery  shall  not  be  required  where  the  dwelling-house  was  begim  to  be 
erected  or  wa?  completed  after  any  part  of  that  ground  had  been  so  used  or 
appropriated.  It  amended  also  section  10  of  the  Cemeteries  Clauses  Act,  1847, 
a?  incorporated  with  the  Public  Health  (Interments)  Act,  1879,  so  that  tlie 
distance  from  a  dwelling-house  of  a  proposed  burial-groimd  should  read  "  one 
hundred  yards  "  instead  of  "  two  hundred  yards." 

II.  Public  Health  (Interments)  Act,  1879. 

This  Act  enacts  that  the  provisions  of  the  Public  Health  Act,  1875,  as  to  a 
place  for  the  reception  of  the  dead  before  interment,  shall  extend  to  a  cemetery 
for  interment  of  the  dead,  and  shall  include  the  acquisition,  construction,  R,nd 
maintenance  of  a  cemetery  ;  that  a  Local  Authority  may  acquire,  construct, 
and  maintain  a  cemetery  either  wholly  within  or  partly  within  and  partly 
without  the  district,  the  works  as  to  a  cemetery  without  the  district  being 
subject  to  the  provisions  of  the  Pubhc  Health  .A.ct,  1875,  applicable  to  sewage 
works  by  a  L.A.  without  their  district  :  and  a  L.A.  may  accept  any  donation 
of  land  for  a  cemetery  or  of  money  or  property  to  enable  them  to  acquire, 
construct,  and  maintain  a  cemetery. 

The  Cemeteries  Clauses  Act,  1847,  is  incorporated  in  this  Act,  by  wliich 
power  is  given  to  Burial  Boards  to  obtain  land  by  compulsory  purcliase  for 
the  construction  and  drainage  of  new  cemeteries.  When  a  new  cemetery  is 
constructed,  the  Cemeteries  Clauses  Act  enacts  (a)  that  no  part  of  a  cemetery 
(section  10)  shall  bo  constructed  nearer  than  two  hundred  yards  [amended  by 
the  Burial  Act,  1900,  to  "  one  hundred  yards]  to  any  dwelling-house,  except 
with  the  consent  in  writing  of  the  owner  and  occupier  ;  (6)  that  the  cemetery 
must  be  enclosed  within  suitable  walls  or  railing^!  not  less  tiu^n  8  feel  in  height  ; 
and  (c)  that  the  cemetery  must  be  properly  drained,  and  the  drainage  may  be 
carried  into  any  sewer  with  consent  of  those  who  have  the  management  of  sucli 
sewer. 

III.  Cremation  Act,  1902. 

This  Act  applies  to  England  and  Wales  and  Scotland,  but  does  not 
apply  to  Ireland. 

The  main  provisions  of  this  Act  are  as  follow  : — 

Section  2.  "  Crematorium"  shall  mean  any  building  fitted  with  appliances 
for  the  purpose  of  burning  human  remains,  and  shii,ll  include  everything 
incidental  thereto. 

Section  4.  No  human  remains  shall  bo  burned  in  any  crematorium  until 
the  site  and  plans  have  boon  approved  by  tlio  L.  G.  I^oanl,  anil  the  crcmahu'ium 
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has  been  certifle.i  by  the  Burial  Authority  to  the  Secretary  of  State  in  England 
[or  Secretary  for  Scotland  in  Scotland]  to  be  complete,  to  have  been  built  con- 
form to  sucli  plans,  and  to  be  properly  equipped. 

Section  5.  No  crematorium  shall  be  constructed  nearer  than  200  yards  to 
any  dwelling-house,  except  with  the  written  consent  of  the  owner,  lesfsee,  and 
occupier  of  such  house,  or  within  50  yards  of  any  public  highway,  or  in  the 
consecrated  part  of  a  burial-ground. 

Section  6.  Empowers  a  Burial  Authority  to  accept  don^ions  of  land  or 
money  to  enable  them  to  obtain  a  crematorium. 

Section  7.  The  Secretary  of  State  [or,  the  Secretary  for  Scotland]  shall 
make  regulations  respecting  the  maintenance  and  inspection  of  crematoria, 
prescribing  in  what  cases  and  under  what  conditions  cremation  may  take 
place,  directing  the  disposition  or  interment  of  the  ashes,  and  prescribing  the 
forms  of  the  notices,  certificates,  and  declarations  to  be  given  or.  made  before 
cremation  is  permitted  to  take  place. 

Section  8.  Declares  penalties  for  contravention  of  any  such  regulations, 
making  false  declaration  or  representation,  or  signing  or  uttering  any  falsf 
certificate,  or  for  procuring  or  attempting  to  procure  crem.ition  of  any  bod.\ 
with  intent  to  conceal  or  impede  the  prosecution  of  any  offence. 

Regulations  were  made  for  England  by  the  Secretary  of  State  for  the  Home 
Department  in  virtue  of  section  7,  dated  31st  March  1903.  These,  paraplirased. 
are  as  follow  : — 

They  declare  inier  alia  :  1.  That  no  cremation  of  human  remains  shall  take 
place  except  in  a  creraatoriiun  of  the  opening  of  which  notice  ha^  been  given 
to  the  Secretary  of  State  ;  2.  That  it  shall  not  be  lawful  to  cremate  the  remains 
of  any  person  who  is  known  to  have  left  a  written  direction  to  the  contrary  ; 
nor  to  cremate  human  remains  which  arc  unidentified ;  nor  shall  crenjation 
bo  allowed  until  (1)  death  has  been  duly  registered,  except  where  an  inquest 
has  been  held  and  a  certificate  in  the  schedule  form  E  given  by  a  Coroner, 
nor  (2)  unless  application  has  been  duly  made  therefor,  and  the  particulars 
stated  in  the  application  be  confirmed  by  statutory  declaration,  in  accordance 
ivith  the  scheduled  Form  A.  Such  application  must  be  signed  and  declaration 
made  by  an  executor  or  by  the  nearest  surviving  relative  of  the  decesaed,  or, 
if  made  by  any  other  person,  must  show  a  satisfactory  reason  why  such  appli- 
cation was  not  made  by  such  executor,  etc. 

3.  No  cremation  shall  be  allowed  to  take  place  imless  (1)  a  certificate  in 
scheduled  Form  A  be  given  by  a  registered  medical  practitioner  who  attended 
deceased  during  his  lait  illness,  and  who  can  certify  defuiitely  as  to  the  cause 
of  death,  and  (2)  a  confirmatory  medical  certificate  in  scheduled  Form  C  be 
given  by  another  medical  practitioner  of  not  less  than  five  j'ears'  standing,  who 
must  either  (a)  ho  appointed  for  the  purpose  by  the  Cremation  Authority  ;  or 
(6)  be  a  medical  officer  of  healtli,  police  surgeon,  certifying  surgeon  under  the 
Factory  and  Workshop  Act,  1901,  Medical  Referee  imder  the  Workman's 
Compensation  Act,  1897  ;  or  (c)  hold  an  appointment  as  physician  or  surgeon 
to  a  public  general  hospital  containijig  not  less  than  fifty  Ijeds  ;  or  unless  a 
post-mortem  examination  has  been  made  by  a  medical  practitioner  expert  in 
pathology  appointed  by  the  Cremation  Authority  or  by  the  Medical  Referee 
in  case  of  emergency,  and  a  certificate  given  in  scheduled  Form  D  ;  or  an 
inquest  lias  been  held  and  a  certificate  given  by  the  Coroner  in  scheduled  Form 
E. 

No  cremation  shall  take  place  except  on  the  written  authority  of  the 
Medical  Referee  in  terms  of  schedule  Form  F.  Every  Cremation  Authority 
shall  appoint  a  Medical  Referee  and  a  Deputy  Medical  Referee,  who  must  bo 
a  registered  medical  practitioner  of  not  less  than  five  years'  standing,  and  must 
possess  such  experience  and  qualifications  as  befit  him  for  such  duties  as  these 
regulations  require  of  him,  the  names  of  such  Medical  Referee  and  Deput>- 
when  appointed  by  Cremation  Autliority  to  bo  sent  to  the  Secretary  of  State. 
A  Medical  Referee,  if  ho  has  personally  invostigat-ed  the  cause  of  death 
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may  give  a  certificate  in  scheduled  Form  C,  and  if  lie  has  made  a  post-mortem 
examination,  a  certificate  in  scheduled  Form  D  ;  and  if  he  be  a  Coroner,  he 
may  himself  give  the  Coroner's  certificate  in  scheduled  Form  E. 

5.  A  Medical  Referee  shall  not  allow  any  cremation  to  take  place,  (a)  if  it 
appears  that  deceased  left  a  written  direction  to  the  contrary,  (b)  unless  he  is 
satisfied  that  the  death  hai  been  duly  registered  by  the  production  of  a  "  certi- 
ficate of  registry  of  death  "  on  the  proper  form,  (c)  imless  application  has  been 
duly  made  as  aforesaid  by  the  executor  or  nearest  surviving  relative  of  de- 
ceased, or,  if  not  by  one  of  the^e,  if  the  person  applying  is  a  proper  person  to 
do  so,  {d)  unless  he  is  satisfied  that  the  fact  and  cause  of  death  have  been  de- 
finitely ascertained,  and,  in  particular,  if  the  cause  of  death  assigned  in  the 
medical  certificates  be  such  as  might  be  due  to  any  illegal  operation  or  to 
privation  or  neglect,  he  shall  require  a  post-mortem  examination  to  be  held, 
and  if  that  fails  to  reveal  the  cause  of  death,  he  shall  decline  to  allow  the 
cremation  imless  an  inqviest  be  held  and  a  Coroner's  certificate  be  given  in  the 
scheduled  Form  E.  If  it  appears  that  death  was  due  to  poison,  to  violence, 
or  to  any  of  the  above-named  cavises,  or  if  there  is  any  suspicious 
circumstance  whatever,  he  shall  decline  to  allow  the  cremation  imless  an 
inquest  be  held,  and  a  certificate  be  given  by  the  Coroner  in  scheduled 
Form  E. 

A  Medical  Referee  may  in  any  ca^e  decline  to  allow  cremation  without 
stating  the  reason. 

He  r.hall,  before  allowing  the  cremation,  examine  the  application  and 
certificates,  and  ascertain  that  they  are  in  proper  order,  and  that  the  inquiry 
made  by  those  gi^'ing  the  certificates  has  been  adequate,  and  he  may  himself 
make  such  inquiry  thereanent  ai  he  may  think  necessary. 

6.  In  the  case  of  the  remains  of  a  person  who  has  died  out  of  England,  the 
Medical  Referee  may  accept  a  declaration  in  manner  of  Form  A  if  made  before 
any  person  having  authority  in  that  place  to  administer  an  oath  or  to  take 
a  declaration,  and  may  accept  certificates  in  the  scheduled  Forms  B,  C,  and 
D,  if  signed  by  medical  practitioners  possessing  qualifications  substantially 
equivalent  to  those  prescribed. 

The  foregoing  Regulations  shall  not  apply  to  cremation  of  a  body  already 
buried  for  a  year  or  more,  but  such  remains  may  be  cremated  subject  to  con- 
ditions imposed  by  the  Secretary  of  State  ;  and  the  body  of  any  still-born 
child  may  be  cremated  notwithstanding  the  foregoing  regulations,  it  if  be 
certified  to  be  still-bom  by  a  registered  medical  practitioner  after  examina- 
tion of  the  body,  and  if  the  Medical  Referee  after  inquiry  is  satisfied  that  it  was 
still-born. 

In  the  case  of  any  person  dying  of  plague,  cholera,  or  yellow  fever  on  board 
ship,  or  in  a  hospital  or  temporary  place  of  reception  of  the  sick,  the  Medical 
Referee,  if  satisfied  of  the  cause  of  death,  may  dispense  with  the  ordinary 
requirements  for  cremation  hereinbefore  specified  ;  and  the  regulations  may 
bo  temporarily  suspended  or  modified  in  any  district  by  the  Secretary  of  State 
on  application  of  a  Local  Authority,  during  an  epidemic,  or  for  other  sufficient 
reason. 

7.  The  ashe?  of  cremated  remains  sliall  be  given  into  the  charge  of  the  person 
who  applied  for  the  cremation,  if  he  so  desires  ;  but  if  he  does  not  desire  them, 
they  shall  be  decently  interred  by  the  Cremation  Authority. 

8.  Every  Cremation  Authority  .shall  appoint  a  registrar  wlio  shall  keep 
a  register  of  all  cremations  carried  out  by  the  Cremation  Authority  in  the 
scheduled  Form  G,  the  entries  relating  to  such  cremation  to  he  made  immedi- 
ately after  the  cremation  ha^  taken  place,  except  the  last  entry,  which  shall  be 
made  as  soon  ai  the  ashes  have  been  handed  to  relatives  or  otherwise  dis- 
posed of. 

9.  All  registers  and  documents  shall  be  open  to  inspection  at  any  reasonable 
hour  by  any  person  appointed  for  that  piu-poso  by  the  Secretary  of  State,  the 
I-ocal  CJovcmmont  Board,  or  the  Chief  Officer  of  any  Police  Force. 
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Regulations  of  Home  Office  for  Burial  Grounds  or  Cemeteries  under  the  Burial 

Act,  1863. 

These  mainly  deal  with  grave-spaces. 

1  For  tho  remains  of  persons  over  twelve  years  of  age,  tlie  gravo-spt-x-e 
shall' at  least  be  9  ft.  by  4  ft.  (4  square  yards). 

2  For  the  remaiiis  of  persons  mider  twelve  year.s,  the  grave-space  shall  be 
either  (i  ft.  by  3  ft.  or  41  ft.  by  4  (2  square  yards). 

3  Tliere  must  be  1  ft.  at  lea^t  between  each  grave.  With  respect  to  the 
opening  for  interment  in  a  grave  of  a  body  of  another  member  of  the  same 
family  the  regulations  are  alike  to  those  hereinafter  set  down. 

Model  Bye-Laws  issued  by  the  Local  Government  Board  imder  the  powers  of 
section  2  of  the  Pubhc  Healtli  (Interments)  Act,  1879. 

1  "  Grave  ".  means  a  burial-place  formed  in  the  ground  by  excavation 
and  without  any  internal  wall  of  brick  or  stone,  or  any  other  artificial  hning. 

A  "  vault "  includes  underground  burial-places  of  every  description, 
except  graves  to  which  the  word  "  grave  "  interpreted  as  above  apphes. 

2.  Every  vault  built  for  use  as  a  burial-place  must  be  enclosed  with  walls 
constructed  of  good  brick,  stone,  or  other  hard  and  suitable  material,  properh- 
bonded  and  solidlv  put  together  (a)  wth  good  mortar  made  of  good  hme  and 
clean,  sharp  sand^  or  other  suitable  material,  or  (b)  with  good  cement,  or  (c) 
with  good  cement  mixed  mth  clean,  sharp  sand. 

3.  Unless  exclusive  right  of  burial  has  been  granted  by  the  Local  Authority, 
not  more,  than  one  body  shall  be  buried  at  one  time  in  a  grave  ;  but  this  shall 
not  be  deemed  to  prohibit  tho  burial  at  any  one  time  in  any  grave  of  the  bodies 
of  two  or  more  persons  who  are  members  of  the  same  family. 

4.  No  grave  containing  the  body  of  a  person  under  f.welve  years  shall  be 
opened,  within  a  period  of  eight  years,  for  the  purpose  of  burying  therein  the 
body  of  a  person  who  was  not  a  member  of  the  same  family  as  the  person 
already  buried  in  the  grave.    .  ,       .  ... 

.  5.  Where  the  age  of  the  person  buried  exceeds  twelve  years,  the  time  limit 
of  opening  for  the  interment  of  the  body  of  another  person  not  of  the  same 
family  shall  be  extended  to  fourteen  years. 

6.  Where  the  age  of  the  person  buried  does  not  exceed  twelve  years,  every 
part  of  the  coffin  containing  the  body  of  the  second  member  of  the  same  family 
must  be  at  lea^t  three  feet  below  the  level  of  the  ground. 

7.  Where  the  age  of  the  person  buried  is  over  twelve  years,  every  part  of 
the  second  coffin  must  be  at  least  four  feet  below  the  ground. 

8.  Where  in  any  grave  there  is  more  than  one  coffin,  they  must  be  separated 
one  from  the  other  hy  a  layer  of  earth,  closely  rammed  down,  of  at  least  one 
foot  thick. 

9.  Within  twenty-four  hours  of  depositing  any  body  in  any  vault,  the  coffin 
must  be  surroimded  with  good  cement-concrete  at  least  six  inches  thick,  or, 
alternatively,  the  eoffin  may  be  placed  in  a  separate  cell,  composed  either  <->f 
slate  or  stone-flagging  at  least  two  inches  thick,  properly  jointed  in  cement, 
or  of  good  brick-work  in  cement,  and  in  such  manner  as  to  prevent  as  far  as 
practicable  the  escape  of  any  noxious  gas  from  the  interior  of  the  cell. 

10.  As  soon  as  possible  after  burial  in  a  grave  in  respect  of  which  exclusive 
right  of  burial  lun  been  granted,  the  surface  of  the  grave  must  be  properlx 
covered  with  fresh  turf. 

The  other  bye-laws  have  no  direct  roforonce  to  the  public  health. 
Memorandum  by  Local  Government  Board,  1879. 

Tlie  Local  Government  Board  in  tliis  Memorandum  poin.ted  out  to  Sanitary 
Authorities  that  they  should  take  action  regarding  the  provision  of  a  cometer>- 
for  their  district  under  tho  rublic  Health  (Interments)  Act,  1879.  wlien  the 
following  conditions  prevailed  in  existing  burial  grounds — viz. 

1.  Where  in  any  burial-ground  that  remains  in  use  there  is  not  proper 
space  tor  burial,  and  no  other  suitable  burial-ground  has  been  providetl. 

2.  Where  the  continued  use  of  an  existing  burial-ground  (notwithsfandmc 
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there  may  be  such  space),  owing  to  its  situation  in  relation  to  the  water-supply 
of  the  locality,  or  to  any  circumstances  whatsoever,  would  be  injurious  to  the 
pubUc  health. 

3.  Where,  in  order  to  protect  the  pubUc  health,  it  is  expedient  to  discontinue 
burials  in  a  particular  town,  village,  or  place,  or  within  certain  limits. 

Where  it  is  desirable,  upon  such  grounds  as  the  above,  to  close  an  existing 
burial-ground,  a  representation  ouglit  to  be  made  to  the  Home  Secretary  to 
obtain  an  Order  in  Council  to  that  effect,  tmder  the  provisions  of  the  Burial 
Act  of  1853. 

Memorandum  by  Local  Government  Board,  1906. 

In  this  Memorandum  the  Board  indicated  the  chief  sanitary  considerations 
to  be  kept  in  view  in  providing  a  cemetery  or  burial-ground — viz.  (1)  suitable 
soil  and  proper  elevation  of  site  ;  (2)  suitable  position  in  relation  to  inhabited 
dwelhngs  and  to  sources  of  water-supply  ;  (3)  sufificient  space  for  the  popula- 
tion, present  and  in  the  future  ;  and  (4)  proper  regulation  and  management. 

III.  IRELAND 

The  law  is  contained  in  the 

PubUc  Health  (Ireland)  Act,  1878 :  Sections  160-199. 

The  substance  of  these  sections  may  be  summarised  as  follows  :■ — 

Section  160.  Constitutes  the  Sanitary  Authority,  subject  to  the  control  of 
the  Local  Government  Board,  the  Burial  Board  of  its  district,  except  in  to-wns 
having  Commissioners  imder  local  Acts,  in  which  case  the  Guardians  of  the 
Pooi"-Law  Union  become  the  Burial  Board  for  the  town  ; 

Section  161.  Vests  all  burial-grounds  in  the  Burial  Board  ; 

Section  162.  Gives  power  to  the  L.  G.  Board,  after  representation  or  on  their 
own  initiative,  (a)  to  prevent  a  new  burial-ground  to  be  opened  except  Avith 
their  permission,  (b)  to  cause  burials  to  be  discontinued  in  any  burial-ground, 
or  (c)  to  limit  burials  in  any  burial-grounds,  and  (d)  to  issue  an  Order  to  any 
such  effect. 

Section  163.  When  representation  is  made  to  the  L.  G.  Board,  or  otherwise, 
the  Board  may  cause  a  local  inquiry  to  be  held,  notice  of  intention  to  hold 
such  inquiry  to  be  published  three  weeks  beforehand,  and  to  be  aflBxed  to  church 
or  chapel  doors,  and  in  some  other  conspicuous  place  within  the  parish  in  wliich 
the  burial-ground  referred  to  is  situated.  An  inspector  of  the  Board  may 
conduct  sucli  inquiry  and  take  evidence  and  report,  and  the  Board  may  act 
upon  such  report  ai  they  see  fit. 

Section  164.  Empowers  the  L.  G.  Board  to  postpone  the  time  for  putting 
in  operation  an  Order  to  discontinue  burial  or  to  vary  any  such  Order. 

Section  165.  Exempts  burial-grounds  u.sed  exclusively  by  Quakers  unless 
expressly  mentioned  in  any  Order. 

Section  166.  Empowers  the  L.  G.  Board  to  grant  special  licences  for  inter- 
ments in  burial-grounds  affected  by  any  Order  of  the  Board,  or  where  exclusive 
right  of  interment  has  been  purchased  prior  to  the  passing  of  the  Burial 
Grounds  (Ireland)  Act,  I85(i,  provided  that  no  injury  to  the  public  health  will 
result. 

Section  169.  Declares  that  where  an  Order  of  the  L.  G.  Board  prohibits  the 
opening  of  a  new  burial-grbimd  in  any  place  without  their  approval,  such 
approval  must  be  obtained  prior  to  opening  such  burial-ground. 

Section  170.  Enacts  that  no  corpse  other  than  that  of  a  member  of  the 
family  shall  bo  buried  in  any  family  vault  or  grave  without  the  un-itten 
consent  of  some  immotliate  relative  of  tlu<  last  interred  ])ei"son,  under  a 
penalty;  and  the  Court  may  order  any  such  liocly  to  he  exlunued  and 
r(^l)Mrie(l  (elsewhere. 

Section  171.  Prohil)it.s  that  any  aninuil  ho  permitted  to  graze  or  be  within 
any  burying-ground  which  is  sufTieiontly  fenced,  tlie  owner  of  such  animal  to 
be  hable  to  pay  a  fine. 


582  PUBLIC  HEALTH 

Section  172.  Provides  that  although  no  burial-ground  has  been  closed  by 
Order  of  the  L.  G.  Board,  ten  or  more  persons  paying  poor-rates,  or  two  or 
more  members  of  the  Burial  Board,  may  in  writing  request  the  clerk  of  the 
Burial  Board  to  convene  a  special  meeting  to  determine  whether  or  not  a 
burial-ground  should  be  provided  ;  and  if  a  majority  resolve  that  a  new 
burial-ground  is  necessary,  the  after  procedure  to  obtain  it  must  be  as  if  an  old 
burial-ground  had  been  closed  by  Order  of  the  L.  G.  Board. 

Section  173.  Enact?  that  when  a  burial-ground  ha?  been  closed  by  Order 
of  the  L.  G.  Board,  the  Burial  Board  may,  if  they  deem  it  necessary  or  ex- 
pedient so  to  do,  provide  such  new  burial-ground. 

Section  174.  Enacts  that  a  burial-ground  jnay  be  provided  either  within 
or  without  the  limits  of  the  district,  and  when  provided,  such  shall  be  deemed 
to  be  within  the  limits  of  the  district.  No  ground  not  already  used  or  appro- 
priated as  a  cemetery  shall  be  used  for  burials  if  it  be  nearer  than  100  j'ard- 
to  a  dwelling-house,  without  the  written  consent  of  the  owner,  lessee,  and 
occupier  of  such  house. 

Section  175.  Empowers  a  Burial  Board  to  purchase  lands,  buildings,  etc., 
on  which  to  construct  cemeteries,  or  to  purchase  existing  cemeteries,  or  to 
contract  for  interment?  of  persons  in  their  district. 

Section  176.  Declares  that  burial-grounds  are  to  be  under  the  management, 
regulation,  and  control  of  their  respective  Burial  Boards. 

Section  178.  Empowers  such  Boards  to  sell  rights  of  burial. 

Section  179.  Deals  with  the  manner  of  conveying  bodies  to  burial-grounds 
for  burial. 

Section  180.  Empowers  the  Burial  Board  to  provide  places  for  reception  of 
bodies  until  they  are  buried. 

Section  181.  Empowers  the  L.  G.  Board  to  make  regidations  for  burial- 
grounds  and  places  for  reception  of  dead  bodies  in  order  to  protect  the  public 
health  and  maintain  public  decency,  for  the  proper  registration  of  burials, 
and  for  recovery  of  penalties  for  contravention  of  such  regulations. 

Section  184.  Empowers  a  Burial  Board  to  extend  burlal-groimds,  though 
not  purchased  under  the  provisions  of  this  Act,  provided  the  existing  burial- 
ground  is  neither  attached  nor  contiguous  to  a  place  of  worship  in  actual  use, 
nor  is  in  private  groimds. 

Section  185.  Empowers  the  Burial  Board  to  call  upon  the  owner  of  any 
burial-ground  to  fence  and  put  it  into  decent  order,  if  the  cemetery  is  not  in 
private  grounds  nor  is  attached  to  a  place  of  worship. 

Section  180.  If  the  owner  cannot  be  found,  the  Burial  Board  shall  advertise 
in  a  local  newspaper  their  intention  to  execute  the  necessary  work  at  the  end 
of  six  months,  and  after  the  work  ha-;  been  done,  the  management  and  control 
of  the  burial-ground  shall  pass  into  the  hands  of  the  Burial  Board  of  the 
district. 

Section  188.  Deals  with  charges  for  burial. 

Section  191.  Ordains  that  a  register  of  burials  must  be  kept  by  the  Burial 
Board,  as  in  tlie  English  and  Scottish  Acts. 

Establishment  of  a  New  Cemetery 

When  a  Local  Sanitary  Authority  has  determined  that  a  new  cemetery  is 
required  for  the  district,  they  will  turn  to  the  medical  officer  of  health  for 
guidance  on  the  subject.  His  advice  will  probably  chiefly  centre  on  the  follow- 
ing four  main  points — viz. 

I.  Suital)lo  soil  and  proper  elevation  of  site  ;  2.  Suitable  position  relative 
to  dwelling-hou«(v?  and  to  sources  <if  wntor-supply  ;  :].  Sufficient  space  ;  and 
4.  Proper  regulation  and  management. 

I.  Suitable  soil  and  proper  elevation  of  site. 

Ihe  ol)jcctive  point  to  bo  aimed  ivt  in  iiiluunation  is  rapid  innocuous  dis 
solution  of  bodies,  and  complete  oxidation  and  absorption  of  the  products. 
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To  produce  colliquative  putrefaction,  the  presence  of  air  and  of  a  certain  range 
of  temperature,  together  with  moisture,  are  absolutely  essential.  Hence  a  soil 
should  be  looked  for  which  is  of  a  porous  character  so  that  ground-respiration 
may  take  place.  Open,  sandy  or  gravelly  soils  or  loami  are,  therefore,  the 
best.  Rough,  stony  ground  is  im=iuitable,  because  of  the  tendency  of  gases 
of  decomposition  to  escape  too  freely.  Clayey  soils  are  most  imsu^itable.  We 
iiave  seen  graves  opened  in  such  soil  in  which  the  fleshy  parts  of  a  corpse  buried 
many  years  before  were  comparatively  fresh.  Such  soils  aro  imfitted  for  burial 
purposes  because,  by  reason  of  their  dense  consistence,  little  or  no  interchange 
of  air  or  groand-ro3piration  can  take  place  ;  besides,  after  long  periods  of 
drought,  they  are  apt  to  become  cracked  or  fissured  sometimes  to  considerable 
depths,  and  thus  may  permit  of  the  escape  of  gases  of  decomposition.  For 
like  reasons,  peaty  soil  is  unsuitable.  The  depth  of  the  sub-soil  water  in  a  .site 
is  a  factor  of  considerable  importance  ;  lience,  before  a  site  is  finally  chosen, 
e.Kperimental  pits  of  varying  depths  should  be  dug  to  determine  the  depth 
of  the  sub-soil  water  in  varying  conditions  of  season  and  weather.  It  is  neces- 
sary to  choose  a  site  in  which  the  level  of  sub-soil  water  will  not,  even  under 
the  most  unfavourable  conditions,  rise  toward  the  groimd-surface  higher  than 
the  depth  to  which  graves  must  bo  excavated  ;  otherwise,  colliquative  putre- 
faction is  apt  to  be  arrested,  and  saponification,  with  the  formation  of  adi- 
pocere,  to  take  place.  We  have  seen  in  such  water-logged  soil  entire  bodies 
converted  into  .adipocere. 

II.  Suitable  position  relative  to  dwelling-liouses  and  to  sources  of  water- 
supply. — While  it  is  desirable  that  there  should  be  an  elevation  of  site  in  order 
to  secure  efficient  drainage  of  the  burial-ground,  such  elevation  must  be  con- 
sidered in  relation  to  the  flow  of  sub-soil  water  to  neighbouring  inhabited 
dwellings,  and  to  water-supplies  from  wells.  Such  points  must  be  especially 
considered  in  connection  with  extension  of  churchyards  where  the  vicarage 
or  manse  is  adjacent  to  both.  Several  years  ago,  we  photographed  a  drinking 
well  situated  within  a  grave-yard,  which  was  then  in  actual  use.  but,  doubtless, 
it  has  since  been  closed. 

The  position  of  a  grave-yard  is  to  some  extent  determined  by  the  statutory 
enactments  for  the  different  sections  of  the  United  Kingdom.  No  cemetery 
must  be  established  within  100  yards  of  a  dwelling-house  except  with  consent 
of  the  owner,  occupier,  and  le.ssee  of  the  dwelling.  Rut  e\-en  that  distance 
may  be  entirely  insufficient  in  certain  localities  owing  to  the  natural  trend  of  the 
r;-ub-Joil  water,  and  to  the  source  of  the  local  water-supply,  especially  if  that 
be  obtained  from  wells.  Speaking  generally,  cemeteries  should  be  placed  at 
some  distance  from  existing  buildings — oven,  when  possible,  considerably 
beyond  the  statutory  requirements — and  from  likely  future  extensions  of 
buildings.  For  populous  centres,  they  should  be  well  beyond  the  outskirts 
of  the  town  or  city,  and  should  be  easily  accessible  by  road,  or  rail,  or 
other  conveyance. 

III.  Sulllcient  Space.— The  usual  grave-space  for  persons  over  twelve  years 
of  age  being  9  ft.  by  4  ft.,  the  average  requirements  of  ground  per  1000  of 
population  for  50  years  is  1  acre.  To  this  must  be  added  a  margin  for  roads 
and  paths,  and  for  spaces  for  decorative  shrub-planting.  Cemeteries  should 
be  laid  down  in  grass,  if  the  ground  chosen  be  not  ah'eady  of  old  turf. 

IV.  Proper  Regulation  and  Management. — It  would,  in  view  of  the  present 
state  of  public  opinion,  perhaps  be  impossible  to  insist  upon  the  entire  abolition 
of  vaults,  brick-lined  graves,  and  such  like  structures,  or  of  coffins  made  of 
dense  wood,  or  coffins  with  inner  "  shells  "  of  -/.inc;  (u-  lead.  Suc^h,  however, 
are  but  obstructants  to  the  object  and  intention  of  burial,  as  are  also  cement- 
covered  coffins  in  vaults  and  catacombs.  All  these  retard  tho  process  of 
colliquative  putrefaction,  and  tend  somewhat  to  tho  production  of  adipocere. 
ft  were  much  better  that  bodies  should  bo  interred  in  a  simple,  deal  coffin  or 
one  of  wicker-work  and  in  a  grave,  than  in  a  dengo  wood  or  metal  coffin  or  in 
any  vault. 
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Cremation  is,  after  all,  merely  a  more  rapid  process  of  oxidation  or  com- 
bustion of  tlio  tissues,  than  that  whicli  takes  place  in  burial  under  the  host  con- 
ditions.   It  of'fej's  many  advantages  in  the  sanitaiy  disposal  of  the  dead.  It 
quickens  the  dissolution  of  the  body  and  demancLs  much  less  space  in  the  dis 
posal  of  the  ashes,  which,  from  the  fire,  are  purged  of  all  impurity. 
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(Scot'land)  Act,  204 
Rivers  Pollution  (Prevention)  Acts, 

3,  4,  290,  308,  310 
Sale  of  Food  and  Drugs  Acts,  4, 

512,  532,  538,  539 

—  Horseflesh  Regulations  Act,  4, 
532 

—  Milk  Regulations,  4,  543 

—  Butter  Regulations,  4,  543 
Salmon  Fisheries  (Scotland)  Acts, 

310 

Sanitary  Acts,  3,  116 

—  Loans  Act,  3 

Sanitary  Accommodation  Order, 
1903,  237 

Sewage  Utilisation  Acts,  3 

Smoke  Nuisance  Abatement  (Scot- 
land) Acts,  1857-1861,  514 

Towns  Improvement  Clauses  Act, 
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Vaccination  Acts,  2,  4,  367,  368, 

369 
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—  (Ireland)  Acts,  369 
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Adeney's    oxygen    test    in  sewage 

effluents,  300,  301 
Adie's  barometer,  94 
Administrative  buildings  in  Isolation 

Hospitals,  490,  491 
Administrative  Board  for  Sewage,  291 

—  control  of  phthisis,  428 
Adulteration  of  Foods,  law  as  to,  538 
Aerial  convection  of  small-pox,  370, 

489,  498 

—  disinfection,  453 

Aerobic  organisms  in  sewage,  281 
Aeroscope,  Pouchet's,  111 

—  Hesse's,  111 

—  Frankland's,  111 
Aestivo-autumnal  fever,  407 
Age-distribution  of  population,  39,  50 
Age -groups,  51 

—  death-rates  of,  39,  41,  51 
Ago  of  employees,  560 

Air  and  Alkali  Acts,  111 

—  and  infection.  111,  435,  439 

—  destruction  of  infective  matter  in 

497 

—  bacteriological    examination  of 
112,  132,  439 

—  composition  of,  107 

—  dust  in,  110,  129 

— •  embolism  in  compressed  air,  1(13 

—  filtration  of,  128,  130,  497 


Air,  gaseous  impurities  of,  110,  131 

—  impurities  of,  110 

—  impure,  effects  of,  110,  114 

—  microbes  in,  111 

—  particulate  matter  in,  110,  131 

—  of  drains  and  sewers,  266 

—  tests  of  purity  of,  145 

—  warming  of,  126,  131,  133,  134,  504 

—  weight  of,  92,  121 

Air-spaces  in  factories  and  workshops, 
558 

Air-supplies  to  animals,  116,  136 

—  to  man,  112,  113 

—  to  school  children,  114 
Air-supply  and  spaces.  112,  113 

—  to  hospitals,  112,  113,  495 

—  to  rooms,  121  et  seq. 

—  natural  system  of,  119 

—  mechanical  systems  of,  128 
Aitken  and  particulate  matter  in  air, 

110 

AlcohoUc  Uqnors  and  Sale  of  Food 

and  Drugs  Acts,  541 
Albumoses  of  diphtheria,  378 
Alkali  Works,  nuisances  from,  513 

—  Regulations  Act,  1881,  513 
Alignment  of  drains,  244 
Altitudes  and  barometric  pressure, 

93,  96 

—  and  respiration,  103,  104 

—  and  phthisis,  427 

—  and  temperature,  85 
Alumina  in  water-purification,  186 

—  in  sewage-purification,  273 
Alumino-ferric  in  sewage-purification, 

275,  294 

Amoeha  variolae  vel  vacciniae,  363 

American  disease,  392 

Amines  process  in  sewage-treatment, 

277 
Aminol,  277 

Ammonia  in  air,  107,  110,  153 

—  in  water,  216,  217 

—  in  sewer-air,  266 
Analysis  of  air,  145 

—  of  sewage,  300 

—  of  water,  210 

Anaerobic     orgaiiisms    in  sewage- 
purification,  280 
Anderson's  revolving  purifier,  187 
Andrewos  and  sewer-air,  267 
Anemometer,  use  of,  141 
Aneroid  barometer,  95 
Angus  Smith,  test  for  COj,  145 

—  solution,  195,  245 

—  pipe-coating  composition,  195,  245 
Animals  and  cubic-spaces,  136 

—  and  housing,  135 

—  and  infection, 406. 41 1,416,  417,438 

—  and  ventilation,  135.  137 

—  keeping  of,  Ijyc-laws  anent,  525 
Aninuvls     (Notification   of  Disease) 

Order,  1910,  447 


INDEX 


587 


Ankylostomum  duodenale  and  water, 
179 

Anopheles  and  malaria,  409,  438 
Anthrax  Order,  1899,  416 

—  1910,  567,  App.  I 
Anthrax,  343,  414,  417,  548 

—  and  inciibation  period,  436 

—  and  indtistrial  conditions,  135,  414, 
416,  548 

—  and  water-supply  of  animals,  179 

—  and  sewage-effluents,  284 

—  and  oats,  416 

—  and  oil-cake,  416 

—  bacillus  of,  in  Yeovil  sewage,  284 

—  in  man,  343,  414 

—  notification  of,  416,  417,  556,  568 

—  preventive  measures,  548 

—  symptoms  of,  414 

—  synonyms  of,  343,  414 
Anti-cyclones,  97 
Anti-plague  inoculation,  389 
Anti-typhoid  inocvilation,  361 

—  vaccination,  361 

—  tetanic  vaccination,  405 
Antiseptics,  449 

Antitoxin  treatment  of  diphtheria,  57, 
377 

Apjohn's  formula,  89 
Appointment  of  medical  officer  of 
health,  5 

—  port  medical  officer  of  health,  467 

—  sanitary  inspector,  13 

—  inspector  of  nuisances,  13 

—  sanitary  sub-officer,  13 
Aqueous  vapour,  87,  107,  110,  114 

—  tension  of,  88 

—  estimation  of,  88 
Arc-system  of  electric  lighting,  163 
Argon  in  air,  107 
Arithmetical  mean  or  average,  75 

—  progression,  28,  31 
Amot's  valve,  125 

Arsenical  poisoning,  industrial,  noti- 
fication of,  561 
Ash-bins,  303,  306,  331 
Ash-pits,  306,  307 

—  cleansing  of,  340 

—  law  respecting,  328,  337,  512 

—  when  a  nuisance,  512 

—  accumulations  in,  a  nuisance,  512 

—  bye-laws  anent  removal  of  con- 
tents of,  524 

Artesian  wells,  168 

—  and  geological  formation,  168 

—  waters  from,  170 

—  in  Queensland,  1 69 
Arthur,  on  sewer  air,  267 

Atkin's  process  for  water-softening, 
187 

Atmosphere,  height  of,  92 
Atmospheric  humidity,  87 

—  movements,  98 

—  pressure,  92 


Atmospheric  pressure  and  effects  of 

abnormal,  100,  549 
Australian  States  and  vaccination,  366 
Austria  and  vaccination,  365 
Automatic  alternating-gear,  282,  296 
Average,  75 

— -  arithmetic  mean  or,  75 

—  geometric  mean  or,  76 

—  harmonic  mean  or,  77 

—  method  of  successive,  76 

—  mode  of  calculating,  74  et  seq. 

—  quadratic  mean  or,  76 

Bacillus  anthracis,  414,  415 

—  cholerae  Asiaticae,  289,  373 

—  coli  communis,  221,  289,  352 

—  diphtheriae,  344,  376 

—  enteritidis  sporogenes,  221,  289,  350 

—  dysenterice,  362 

—  icter aides,  350 

—  leprae,  390 

—  mallei,  411 

—  pertussis,  375 
— ■  pestis,  382 

- —  pneumoniae,  380 

—  pseudo-diphtheriae,  376 

—  pseudo-dysenteriae,  362 

—  tetani,  405 

—  tuberculosis,  417 

—  typhosus,  289,  290 
Bacilluria  in  enteric  fever,  352 
Bacteria  of  sewage,  281,  282,  293 

—  action  of,  281 

Bacterial  tests  of  disinfectants,  451 
Bacteriological  examination  of  air.  111 

—  of  water,  197,  221 
Bacteriological  laboratory  in  isolation 

hospitals,  491 
Bacteriolytic  treatment  of  sewage, 
279,  294 

—  aerobic  methods,  280,  282 

—  anaerobic-aerobic  methods,  280, 
282 

—  Cameron's  system,  280 

—  Dibdin's  method,  280 

—  history  of,  279 

—  rationale  of,  284 

—  results  of,  294 

—  septic-tanks,  293 
Bakehouses  and  Factory  Act,  559 
Bakehouses,  sanitary  provisions  of, 

559 

—  imderground,  559 

 definition  of,  5o!9 

 lighting  of,  559 

 sanitary  conditions  of,  559 

—  retail,  definition  of,  560 
Bakeries    and    Broadmaking,  Com- 
mission on,  659 

Raker  and  lead  colic,  2 
Ballard  and  aummor-diarrhoea,  34P 
Ballooning  and  high  altitudes,  103 
Barff's  process  and  water-pipes,  195 
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Barograph,  94 

Baroraoter,  construction  of,  94,  96J 

—  corrections  of,  96 

—  graduation  of,  93 

—  kinds  of,  94 

—  principles  of,  92 

—  reading  of,  93 
Barometers,  Adie's,  94 

—  Aneroid,  95 

- —  defects  of,  95 

—  Fortin's,  94 

—  Kew,  94 

—  mercurial,  94 

—  siphon,  94 

—  wheel,  94 

Barometric  gradients,  96 
Barometric  pressure,  92 

—  distribution  of,  97 

—  highest,  97 

—  lowest,  98 

—  mean  annual,  97 

—  and  haemorrhages,  104 

—  in  mines,  104 

—  in  N.  Hemisphere,  97 
Barrhead  sewage-worlis,  285,  288 
Barry  process  of  sewage-purification, 

275 

Basin,  geological,  168,  169 

 and  artesian-water,  168,  170 

Basins,  wash-hand,  228 

Bath-rooms,  227 

Baths,  construction  of,  227 

—  fittings  of,  227 

—  water-heaters  for,  228 
BeancUfJ  trap,  252 
Beggiatoa  alba  in  waters,  196 
Bell's  water-filters,  186 
Bell-trap,  253 

Belvidere  Fever  Hospital,  486, 493, 496 
"  Bends  "  in  caisson  illness,  103 
Berkefoldt  filter,  183 
Berlin  water-supply,  186 
— •  sewage  purification,  272 
Bilharzia  haematobia  in  water,  177 
Bihous  typhoid  fever,  351 
Biological  filter,  184 
Birmingham  hospital  ventilation,  131 

—  and  river-pollution  litigation,  311 

—  water-supply,  189 
Birth-rate,  calculation  of,  35 

—  decline  of,  35 

—  effects  on  death-rate,  35 

—  in  foreign  coimtries,  35 

—  illegitiraato,'  35,  36 

—  of  sexes,  51 

Births  in  England  and  vaccination,  3  69 

—  notification,  law  as  to,  5,  37 
Black  death,  2 
Blackrimn's  fan,  134 

r-51eachiug- powder    (see  Ohlorinated 
lime) 

Block  Hospitals,  493 
Blood-boiler,  516 


Blood  in  air-compression,  102 

—  in  high  altitudes,  104 
Blood-teat  for  CO  in  air,  153 
Blue-bottle  fly,  349 

Board  of  Health,  3 

—  Local    Government    (see  Local 
Government  Board) 

—  Supervision,  511 

Board  of  Agriculture  and  Fisheries, 

and  Diseases  of  Animals  Act,  416 
Board  of  Agriculture  and  Regulations 

for    Sale    of    Milk    and  Butter 

standards,  543 
Boccaccio  and  plague  in  Florence,  2, 

385 

Bond's  stove,  127 
Bone-boiler,  516 
Boophilus  bovis,  438 
Bovine  animals  and  tuberculin  test, 
421,  433 

Bovine    animals    and  tuberculous 

disease,  421,  424 
Boyle  and  the  barometer,  93 
Boyle's  law,  121 

—  ventilators,  125,  129 
Brighton  sewer  ventilation,  263 
Bromine  vapour  as  disinfectant,  450 
Bristowe's  formula,  80 

Bubonic  plague,  385 
Buchan's    disconnecting  ventilating 
trap,  256 

—  grease-trap,  229,  230 
Buildings,  bye-laws  for  plans  of,  522 
 ventilation  of,  522 

 space  around,  622 

Burial  Acts,  1852-1906,  576 

Burial  Grounds  (Scotland)  Act,  1855, 

4,  479,  514,  573 

— ■  provision  of  mortuary,  479,  574 
Burial  -  groimd,  procedure  to  close, 

515,  573,  576 
-—  provision  for  new,  515,  573,  576 

—  when  a  nuisance,  514,  573,  576 
Burial  of  infective  bodies,  law  respect- 
ing, 461,  462,  572,  576 

Burns'  drain-pipe  stopper,  259 
Burgh  Police  (Scotland)  Act,  1892,  3, 

5,  14,  113,  207,  261,  311,  323,  330 

—  appointment  of  M.  O.  H.,  5 
 sanitary  inspector,  14 

—  and   provision    of  water-supplj', 
207,  208 

—  and  provision  of  fire-plugs,  208 

—  and  provision  for  constant  supply 
of  water,  208 

—  and  water-companies,  208 

—  and  Lands  Clauses  Acts,  208 

—  and  sorvico-pipes  to  houses,  209 

—  and  water  for  domestic  and  sanitary 
purposps,  209 

—  and  water  fur  public-baths,  209 

—  and  Waterworks  Clauses  Acts*  209 

—  and  bye-laws  for  water-supply,  209 
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Burgh  PoUce  (Scotland)   Act,  1892, 
and  drains  to  new  buildings,  261 

—  and  pollution  of  streams,  311,  320 

—  and  management  of  sewers,  319 

—  and  power  to  purchase  sewers,  319 

—  and  formation  of  drainage  districts, 
319 

—  and  power  to  make  sewers,  320,  321 

—  and  proliibition  to  throw  rubbish 
into  streams,  321 

—  and  power  to  alter  sewers,  321 

—  and  estimates  of  cost  of  sewers,  321 

—  and    penalty    for  imauthorised 
drains,  321,  326 

—  andmakingvaultsunderstreets,321 

—  and  trapping  of  drains  and  sewers, 
321  326 

—  and  ventilation  of  sewers,  321,  322 

—  and  refuse  from  distilleries,  etc.,  322 

—  and  use  of  sewers  by  owners  outside 
burgh,  322 

—  and  discharge  of  drains  under  low- 
water  mark,  322 

—  and  power  to  borrow  for  sewers,  323 

—  and  drains  from  houses,  325 

—  and  drains  or  cesspools  for  houses, 
326 

—  and  drains  or  cesspools  kept  in  good 
order,  326 

—  and  W.C.  and  sinks  in  houses,  326 

—  and  water-supply  in  houses,  327 

—  and  soil-pipes  in  houses,  327 

—  and  penalty  for  abusing  soil-pipe, 
327 

—  and  waste-pipe  drain  connection, 
327 

—  and  construction  of  W.C,  earth- 
closets  and  privies,  327 

—  and  construction  of  cesspools,  327 

—  and  construction  of  ash-pits,  327 

—  and  removal  of  privy  from  near 
rooms,  328 

—  conversion  of  privy  into  W.C,  328 

—  manurial  accumulation,  a  nuisance, 
328  .  _ 

—  manurial  deposit,  a  nuisance,  328 

—  removal  by  L.A.  of  house,  etc., 
refuse,  an  of?ensive  business,  328 

—  owner    to    cleanse    and  purify 
filthy  house,  329 

—  removal    of    manure    in  special 
scavenging  district,  329 

—  cleansing  and  scavenging  clauses 
of,  329 

—  and  special   scavenging  districts 
in  burgh  extension,  330 

—  and  removal  of  night-aoil,  310 

—  and  cleaning  of  streets  and  foot- 
paths, 330 

—  and  providing  proper  access  to  ash- 
pit, 330 

—  and  providing  nianiiro  depot  and 
ayjpliancos,  330 


Burgh  Police  (Scotland)  Act,  1892, 
and  purchasing  land  for  and  appli- 
ances, 330 

—  and  mode  of  removal  of  refuse  from 
premises,  331 

—  and  notice  of  institution  of  ash-bin 
system,  331 

—  and  closing  of  ash-pits  in  daily 
service  system,  331 

—  and  erection  of  public  sanitary  con- 
veniences, 331 

. —  and  watering  streets,  331 

—  and  employment  of  scavengers,  331 

—  and  penalty  for  removing  refuse  by 
vmauthorised  persons,  331 

—  and  sweeping  and  washing  common 
stairs,  etc.,  331 

—  andcleansingoffoot  pavements  ,332 

—  and    whitewashing    of  common 
stairs,  332 

—  and  power  to  enter  and  cleanse 
dwelUng-house,  332 

—  and  penalty  for  dirty  and  unhealthy 
house,  332 

—  and  cleansing  of  areas  by  occupiers, 
332 

—  and  keeping  dung  oS  streets,  332 

—  and  time  of  emptjdng  dung-steads, 
333 

—  and  hours  of  removal  of  dung,  etc., 
from  streets,  333 

—  and  penalty  for  conveying  foul 
matter  at  improper  times,  333 

—  and  laying  of  dung  on  fields, 
gardens,  etc.,  333 

—  and  sanitary  condition  of  stables 
and  byres,  512 

—  and  nuisance  from  keeping  of 
animals,  512 

—  and  power  to  make  bye-laws  for 
noxious  trades,  513 

—  and  power  to  regulate  keeping 
depots  of  offensive  matters,  315 

—  and  bye-laws  imder,  524 

Burgh  Sewerage,  Drainage  and 
Water-supply  (Scotland)  Act,  1901, 
3,  209,  323 

—  and  assessments  for  water,  209, 323 
 for  sewerage,  209 

—  and  intervention  of  L.  G.  B.,  210 
Biu-gh  PoHce  (Scotland)  Act,.  1903,  113 

—  and  cubic-space  in  houses,  113,  513 

—  and  new  drains  and  sewers,  323 
Burnt  ale  from  distilleries,  284,  302 
Butter,  legal  defijiition  of,  531 

—  adulterated  or  impoverished,  542 

—  standard,  as  regards  water,  543 

—  sale  of.  Regulations,  1902,  543 
Bye-laws,  521  et  seq. 

—  authentication  of,  522 

—  confinnation  of,  522 

—  ovidonco  of,  522 

—  in  burg]  IS,  524 
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B  ye- laws — continued 

—  in  counties,  .'523,  525 

—  for  general  purposes  in  burghs,  52'! 

—  for  sanitiiry  purposes  in  burghs,  524 

—  printing  of,  523 

—  pubhcation  of,  523 

—  respecting  ash-pits,  524 

 building  of  houses,  522,  526 

 carriage  of  ftecal  matter,  341 

 cleansing  of  cisterns,  524 

 drainage  of  houses,  325 

 keeping  animals  in  premises, 

339,  525 

 keeping  clean  common  stairs, 

etc.,  525 

 houses  let  in  lodgings,  525 

 ■  mortuaries,  523,  525 

 manure  depots,  524 

 offensive  businesses,  516,  518. 

521,  524,  525 

 offensive  matter  removal,  524 

 pig-styes,  522,  525 

 prevention  of  nuisances,  339 

 ■  public  conveyances,  525 

— ■  —  removal   to    hospital    of  sick 

from  ships,  526 

 removal  of  manure,  524 

 regulationof  cemeteries,  575,580 

  sanitary  conveniences,  340 

 slaughter-houses,  524 

 tents  and  vans,  526 

 trapping  of  soil-pipes  and  drains, 

257 

—  water  supplied  in  pipes  in  burghs, 
524 

Byres,  ventilation  of,  137 

—  insanitary,  and  legal  action,  512 

—  when  a  nuisance,  512 

Caissons,  101 

—  and  illness,  102,  549 
Calf-lymph,  364,  370 

—  preparation  and  storage  of,  370 

—  organisms  in  crude,  371 

—  and  temperature,  371 

—  use  of,  364,  365 
Calliphora  erythrocephala,  349 
Cameron's  alternating-gear,  282 

—  septic-tank,  280 
Campbell's  sunshine-recorder,  86 
Canada  and  vaccination,  366 
Canadian  stove,  127 

Canal  Boats  Act,  1877,  cubic-spaces 
in,  113 

 powers  to  regulate,  513 

Candy's  method  of  purifying  sewage, 
286 

—  method  of  purifying  water,  186 
Carcases,  examination  of,  530 
Carbolic  acid  as  disinfectant,  449,  450, 

451 

—  in  enteric  fever,  451 

—  co-eflHcient,  457 


Carbon  dioxide  in  air,  109,  111,  114, 
115,  119  . 

—  tests  for,  145 

—  of  factories,  109 

Carbon  gases  in  sewer-air,  266 
Carbon  monoxide  in  air.  111,  153 

—  from  gas-heating,  228 

—  from  stoves,  157 

—  sources  of,  162.  163,  228 

—  Vogel's  test,  153 

—  Wolff's  apparatus,  152 
Carbonic  acid  (see  Carbon  dioxide) 
C'arburetted  water-gas,  163 
Carnelly's  process  for  organic  matter 

in  air,  154 
Carnelly  and  Haldane  on  sewer-air, 
267 

Carrasquilla  and  leprosy  serum,  391 
"  Carriers  "  of  enteric  fever,  348,  356 
Catchment  areas  and  water-supplies, 
184 

Catgut  and  tetanus,  405 
Cathetometer,  use  of,  93 
Cattle-sheds    in    Burghs  (Scotland) 

Act,  512,  535 
Cattle  plague,  416 

—  notification  of,  417 
Cemeteries  Clauses  Act,  1847,  577 
Cemetery,  when  a  nuisance,  514 
 procedure,  514 

—  for  establishing  a  new,  580,  582 
Census,  2 

—  Act,  24 

—  Bill,  25 

 details  of,  25 

—  of  foreign  coimtries,  23 
— ■  of  Great  Britain,  etc.,  23 

—  and  occupational  diseases,  549 
Ceratophyllus  fasciatus,  384 
Cerebro-spinal  meningitis,  343,  392 

—  age-attack  incidence  in,  395,  396, 
398 

— •  bacteriology  of,  400 

—  climatic  conditions  in,  348,  398 

—  conditions  of  outbreak,  398 

—  epidemics  of,  392 

—  geographical  distribution  of,  392 

—  history  of,  392,  397 

—  in  animals,  394 

—  in  foreign  countries,  392,  393,  394 

—  in  United  Kingdom.  393.  394 

—  in  Belfast,  394 

—  in  Glasgow,  394 

—  infectivity  of,  399 

—  invasion  of,  397 

—  micro-organism  of,  401 

—  mortality,  395,  396 

—  p.-m.  appearances  in,  394,  400 

—  propagation  of,  397 

—  sequelae  of,  405 

—  symptoms,  400 

—  serum  in,  404 

—  treatment  of,  404 
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Certificates  of  M.  O.  H.,  514 
Certifying   Surgeon   under  Factory 

Act.  duties  of,  560 
Certifying   Surgeon    and  Cremation 

Act,  578 

Cesspools,  law  as  to,  325,  326,  327,  512 

—  cleansing  of,  340 

—  when  a  nuisance,  512 

 bye-laws  concerning,  522,  527 

Chaddock  ventilating  window,  123 
Chadwick,  Edwin,  and  sanitation,  3 
Chalybeate  water,  173 
Characteristics  of  infective  substances, 
435 

Cheese,  legal  definition  of,  531 
Chemical  analysis  of  air,  145 

—  of  water,  197,  211 

 limitations,  197 

Chemical  disinfectants,  446,  449 

—  purification  of  sewage,  273,  294 
Chemical  works,  when  a  nuisance,  513 
Chicken-pox,  343 

—  incubation  period  of,  436 
Children  Act,  1908,  law  relating  to 

verminous  or  dirty  children,  483 
Chimney,  ventilation  by,  125 
Chimney-sweep's  cancer  and  soot,  548 
Chlorides  in  water,  173 

—  estimation  of,  213 
Chlorinated  lime  as  disinfectant,  261, 

449,  450 

Chlorine  gas  as  disinfectant,  449,  450 
Cholera,  2,  3,  175,  343,  371 

—  disinfection  in,  452 

—  epidemics  of,  372 

 in  United  Kingdom,  372 

 in  Russia,  372 

—  incubation-period  of,  436 

—  in  Hamburg,  175 

—  infective  matter  in,  435 

—  micro-organism  of,  289,  373 

—  water-supplies  and,  175,  373 

—  Port  sanitary  law  as  to,  372^  444, 
464 

Cholera,  Plague  and  Yellow  Fever 
Orders,  444,  464,  573,  576 

Chrome  -  working  and  industrial 
diseases,  546,  548 

Cliurchyard,  when  a  nuisance,  514 

Cisterns,  bye-laws  anent  cleansing  of, 
524 

Cisterns,  closet,  236,  241 

 requirements  of,  239 

Clark's  process  for  softo.iing  water, 
187 

Clayey  soils  and  sewage  treatment, 
290 

Clayton's  SOj  apparatus,  389 
Cleanliness  in  factories,  definition  of, 
514,  552 

Cleanliness  of  milk  vessels,  etc.,  533 
Cleansing  of  Persons  Act,  1897,  483 
Cleansing  of  Persons,  law  as  to,  483 


Cleansing  of  Towns,  law  as  to,  328, 
339 

—  of  closets,  339 

—  of  houses,  340 
Climate,  104  et  seq. 

—  and  colonisation,  106 

—  and  communicable  diseases,  344 

—  Continental,  104 

—  insular,  104 

—  of  Cairo,  106 
— •  of  Riviera,  106 

—  of  S.- Africa,  106 
Climates,  classification  of,  105 
Climatic    conditions    and  infective 

diseases,  344,  348,  398 
Clinker,  296,  305 

Closet-accommodation,   legal  defini- 
tion of,  339 

—  provision  of,  in  factories,  237 
Closure  of  wells,  336,  512 

—  of  houses,  511 

Clothing  and  enteric  fever  infection, 
355,  356 

—  and  disinfection,  452 

—  and  plague,  442 

—  infective,  law  as  to,  463 
Clouds  and  clovidiness,  87 
Coagulants  in  water-filtration,  186 
Coal-gas  as  illuminant,  162 

—  as  heating-agent,  157 

—  composition  of,  162 

Cold  as  disinfecting-agent,  446,  449 
Collecting  water-samples,  222 
Colliery  bings  on  fire,  when  a  nuisance, 
513 

Colliery-warnings  and  barometer,  104 
Colonisation  and  climate,  106 
Colonies  and  vaccination,  366 
Colour  in  waters,  187,  211 
Commissions,  Royal — 
 sanitary,  3 

 tuberculosis,  British,  1898,  419, 

422 

 tuberculosis  (Victorian),  419 

 sewage-disposal,  1898,  289 

Committees,  Departmental — • 

 on  Air  of  Factories,  109 

 on  Air-humidit_\  in  Factories, 

110  ■ 

Common  colds,  infectivity  of,  375 
Common   lodging-house,  powers  to 

regulate  spaces  in,  513 
Communicable  diseases,  342  et  .icq. 
Comparative    mortality    figure,  40, 

544,  553,  554 
Composition  of  air,  107 

—  of  sewage,  271 

—  of  water,  165 
Compressed  air,  100 

—  illness,  101,  549 

 symptoms  of,  549 

Conscience  -  clause    of  Vaccination 

Acts,  368,  369 
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Conscientious  objector,  368 
Conservancy  motliods,  303 
Consanguinity  and  phthisis,  431 
Constant  water-supply,  18!) 
Construction  of  house-drain,  244,  246, 
249 

—  of  sewers,  262 

Contact-beds  in  sewage-purification, 
280,  295 

—  action  of,  281 

—  area  of,  287 

—  capacity  of,  296 

—  construction  of,  285 

—  depth  of,  285,  296 

—  materials  of,  285 

— ■  primary  or  coarse,  285,  295 

—  secondary  or  fine,  285,  295 
Contagious    diseases   and  Sanitary 

Authorities,  459,  465 

—  and  chmatic  factors,  344 

—  of  animals  and  Local  Authorities, 
417,  447 

Contagious  Diseases  Animals  Acts, 
411,  416,  477,  512 

—  objects  of,  416 

—  Local  Authorities  under,  417 
Contagium,  342,  343 
Continued  fever,  343 
Convention  of  Venice  and  quarantine, 

440 

—  and  disposal  of  dead,  573 
Cook,  Captain,  and  lime-juice,  2 
Coughing  and  infectivity,  435 
Copper  in  water,  212 

Copper  sulphate  as  disinfectant,  449, 
450 

Correction  of  barometers,  96 

Corridor  Hospitals,  493 

Corrosive  sublimate  as  disinfectant, 

261,  449,  450,  452 
Cotton  cloth  factories,  557 

—  humidity  of  air  in,  110 

Cotton  cloth  Factories  (Amendment) 

Act,  1887,  109,  514 
Cotton-sheds  and  humidity,  110 
County  Coimcils,  bye-laws  by,  523 
Cowls,  ventilating,  129 
Cows  and  Hendon  disease,  345 
Cow-pox,  343 

Cowsheds,  regulations  respecting,  420 

—  inspection  of,  17 

—  ventilation  of,  136,  137 

—  lighting,  420 

—  drainage,  420 

—  water-supply,  42() 
Cremation  Act,  1902,  573,  677 
Cremation  of  plague  rats,  389 

—  of  infective  bodies,  461 
Cronothrix  in  water,  196 
Cresol  as  disinfectant,  449,  467 

—  preparations,  449 

Cretinism  and  wator-supDliea.  17{) 
180 


Crews  and  plague-infected  ships,  443 
Croup  and  diphtheria,  378 
Glenopsylla  muaculi,  384 

—  characters  of,  385 
Cubic-space,  112 

—  estimation  of,  112,  139 
Cubic-spaces,  as  regulated  by  law,  1 13 

—  in  byres,  136 

—  in  cowsheds,  136 

—  in  canal  boats,  113 

—  in  factories  and  workshops,  113 

—  in  houses,  113 

—  in  schools,  113,  114 

—  in  ships,  113 
Culex  fasciatua,  351 
Gulex  pipiens,  410,  438 
Cupralum  as  disinfectant,  449 
Cyclones,  97 

—  characters  of,  97 
Cytoryctes  vacciniae,  363 

Dairies,  Cowsheds,  and  IMilkshops 
Order,  1885,  533 

—  1887,  535 

—  1899,  420,  535 

Dairies,  Cowsheds,  and  Milkshops 
Orders,  3,  135,  420,  475,  477,  512, 
533 

—  and  tuberculosis,  420 

Dairies  and  infective  diseases,  law  as 
to,  463 

—  inspection  of,  17 
Dairy-farms  and  water-supplies,  20 
Dairy  regulations,  420 
Dairyman  and  customers'  list,  463 
Dairyman  and  registration,  533 
Dampness  of  houses,  269 
Damp-proof  courses,  269 
Damp-rot  and  fungus,  269 
Dangerous  industries,  regulations  for, 

557 

Daniell's  hygrometer,  88 
Danysz's  bacillus  and  rats,  387 
Davidson's  scirocco  fan,  133 
Dead,  disposal  of  the,  572,  App.  II. 
Dean's  gully-trap,  253 
Death-rates,  38  et  seq.,  551 
— -  and  age -groups,  51,  550,  652 

—  computation  of,  39 

—  corrected,  40,  81 

—  corrections  of,  39 

—  crude,  39,  550  et  seq. 

—  from  occupations,  549,  550,  552 

—  from  plithisis,  56,  548,  552 

—  from  respiratory  diseases,  56,  58 

—  of  sexes,  39,  51 

—  of  infants,  41  et  seq. 

—  recorded,  40 

—  rural,  59 

—  standard,  40 

—  urban,  59 

—  zymotic,  52 

Defects  in  barometers,  96 
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Defective  light  in  dwellings,  268 
Delepine  and  sewer-tiir,  'J(i7 
Delepiae  and  tuberculous  milk,  420 
Denintii-k  and  vaccination,  3G5 
Demography,  23,  2G 
Density  of  population,  26,  32,  34 

—  and  mortality,  32,  34 
Deodorants,  446,  449 
Depots  of  manure,  etc.,  512 

—  bye-laws  anent,  524 
Deputy  sanitary  officers,  19 
DesaguUers  and  ventilation,  2 
Desrumaux  process  for  water-soften- 
ing, 188 

Destructors,  Refuse,  304 
Dew-point,  87 
Diarrhoea,  summer,  349 
Diarrhoeal  diseases  and  water,  175 
Diarrhoeal  diseases  of  infants,  47 
Dibdin's  sewage-purification  system, 
280  y  ' 

Dibdin's  slate-bed,  296 
Dine's  hygrometer,  88 
Diphtheria,  343,  373 

—  albumoses  of,  378 

—  ages  of  attack,  58,  376 

—  antitoxin  in,  57,  377 

—  bacteriology  of,  375 

—  climatic  factors,'378 

—  disinfection  in,  452 

—  incubation-period  of,  436 

—  infective  matter  in,  348,  432 

—  mortality-rate,  57 

—  micro-organism  of,  344,  376 

—  and  domestic  animals,  377 

—  and  fowls,  376 

—  and  cows,  377 

—  and  school-life,  376,  377 

—  and  sexes,  376 

—  toxins,  378 

Diplococcus  pneumoniae,  381 
— ^^and  food  poisoning  outbreaks,  380 
Diplococcus     meningitidis  intracell- 
ularis,  401 

—  characters  of,  402 
Disconnecting  traps,  255  • 
Diseases,  notifiable,  439,  459 

—  notification  of  infective,  439,  459 

—  occupational,  545  et  acq. 

—  zymotic,  53,  343 

—  contagious,  of  animals,  416 

—  preventable,  343 

—  industrial,  556,  561 

Diseases  of  Animals  Acts,  410,  477 

—  objects  of,  416 

— -  Local  Authorities,  417 
Diseases  of  occupations,  545  et  seq. 
Disinfectants,  446 

—  standardisation  of,  456 

—  table  of,  450 

—  use  of,  450 

— -  and  action  on  microbes,  451 
Disinfecting  apparatus,  447  et  seq.,  490 

2p 


Disinfection,  446  et  seq. 

—  by  chemicals,  446,  449,  450 

—  by  cold,  440 

—  by  disinfecting  machines,  447,  504 

—  by  dry  heat,  447 

—  by  formaldehyde,  449,  450 

—  by  formalin,  450 

—  by  light,  446 

—  by  moist  heat,  447 

—  by  physical  agents,  446 

—  by  spraying,  450 

—  by  steam,  447 

—  by  sulphtvrous-acid-gas,  450 

—  of  clothing,  447,  451,  452 

—  of  drains,  261 

—  of  excretions,  450 

—  of  furniture,  450,  453 

—  of  floors,  450 

—  of  merchandise,  442,  445 

—  of  patient,  451 

—  of  rooms,  453 

—  of  ships,  465 

—  of  stools,  450 

—  of  woodwork,  450 
Disinfectors,  447  et  seq. 

—  Genest  and  Herscher,  448 

—  Goddard,    Massev   and  Warner, 
448 

—  Manlove,  Alliot  and  Co.,  447 

—  Thresh,  448 

—  Van  Overbeck  de  Meyer,  448 

—  Washington-Lyon,  447,  504 
Disposal  of  Dead,  461,  462,  465,  572 

et  seq. 

—  infectious  bodies  in  Scotland,  law 
anent,  572 

 in  England,  law  anent,  576 

—  from  other  causes,  in  Scotland,  573 
 in  England,  576 

—  and  P.  H.  (Scotland)  Act,  1897, 
462,  478,  481,  572 

—  and  Cholera,  Plague,  and  Yellow 
Fever  Order,  1898,  465,  573,  576 

—  and  Regulations  of  Convention  of 
Venice,  573 

—  and  Cremation   Act,    1902,  573, 
577 

—  and  Burial  Grounds  (Scotland)  Act, 
1855,  573 

—  and  Bye-laws  for  Regulation  of 
Cemeteries,  575 

—  and  English  Burial  Acts,  1852- 
1906,  576 

—  and  Public  Health  (Interments) 
Act,  1879,  577 

—  and  Cemeteries  Clauses  Act,  1847, 
577 

—  and  Home  Office  Regulations  for 
Cemeteries,  580 

—  and  Model  Bye-laws  of  L.  Q.  Board 
for  England,  580 

—  and  Memorandum  by  L.  G.  Board 
for  England,  580 
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Disposal  of  Dead  mid  Public  Health 

(Ireland)  Act,  1878,  581 
 and   desiderata  in  establishment 

of  new  cemetery,  582 

—  and  cremation,  584 
Disposal  of  night-soil,  20  |  ; 

—  of  offal,  306 

—  of  sewage,  20,  270  et  seq. 

—  of  sludge,  299 

—  of  refuse,  225,  303  et  seq. 
Dissolved-gases  in  water,  211 
Distillation  to  purify  water,  183 
Distillery  effluents,  284,  302,  322 

—  purification  of,  302,  322 
Distributors,  sewage,  297 
Distribution  of  water-supplies,  189 
Disused  Burial  Grounds  Act,  1864, 

577 

Ditches,  offensive,  law  as  [to,  325, 
340 

—  when  a  nuisance,  512 
Diving-bell,  101 

Diving,  deep-sea,  and  illness,  102 
Domestic  hot-water  supply,  222 
Doulton's  metallo-keramic  joint,  241^ 
Drainage  of  areas,  20 
Drainage  of  houses  (see  House  Drain- 
age) 

Drain,  alignment  of,  244,  249 

—  blocking  of,  248 

—  branches  of,  246,  248 

—  bye-laws,  522 

—  composition  of,  245 

—  definition,  legal,  262,  333,  336 

—  disinfection  of,  261 

—  flushing  of,  257 

—  flow  of  fluids  in,  263 

—  foundation  of,  246 

—  from  houses,  244  et  seq. 

—  gradient  of,  244 

—  gradient-indicator,  245 

—  inspection  of,  246,  249 

—  inspection-eyes  or  openings,  248 

—  joints  of,  245 

—  law  as  to,  261,  324,  512 

—  plans  of,  245,  246,  261 

—  position  of,  246 

—  and  sewer  communication,  regula- 
tions, 523 

—  settling  of,  246 

—  sizes  of,  258 

—  testing  of,  258,  330 

—  traps  in,  256,  242 

—  velocity  of  flow  in,  263 

—  when  a  nuisance,  512 
Drain-pipes  and  house  walls,  246 
Drain-pipes,  composition  of,  245 

—  jointing  of,  245 

—  pedestalled,  240 

—  of  floors  of  factories  and  workshops, 
552 

Drainage  of  land  and  malaria,  410 
Drainage  of  hospitals,  504,  506 


Drainage  of  houses,  law  as  to,  324,  326 

—  bye-laws  anent  subsoil,  527 
Dripping-trays  in  sewage  works,  297 
Drug,  legal  definition  of,  538 
Dry-rot  in  houses,  269 

Du  Chaumont's  formula  for  air-supply, 
117 

—  for  air-ducts,  145 

Ducat  system  of  purifjdng  sewage, 

286,  293,  297 
Dunfermline  Isolation  Hospital,  502 
Dungsteads,  bye-laws  concerning,  522 

—  bye-laws  concerning  contents  of, 
524,  527 

Duration  of  infectivity  in  zymotic 

diseases,  437 
Dust  in  air,  110,  129,  342 
— ^in  industrial  occupations,  110,  140, 

141 

 when  a  nuisance,  513 

—  in  fogs,  110,  131 

—  in  streets,  306 

—  and  antlirax,  414 

—  and  enteric  fever,  354 

—  and  plague,  387 

—  and  tubercle,  426 

—  disinfection  of,  453 

—  micro-organisms  in,  426 

Duties  of  Medical  Officer  of  Health,  5 
et  seq. 

—  of  Port  M.  O.  H.,  12 

—  of  Sanitary  Inspector  and  I.  of 
Nuisances,  14 

Dwelhngs,  sanitarj^  efficiency  of,  268 
Dysentery,  362 

—  and  water-supply,  179 

—  geographical  distribution  of,  362 

—  in  Great  Britain,  362 

—  micro-organisms  of,  362 

Eakth-closets,  307 

—  bye-laws  concerning,  522,  527 

—  suitable  earth  for,  307 

—  L.  A.  mav  supply  earth  for,  337 

—  law  as  to,' 327,  337,  512^ 

—  definition  of.  legal,  337 

—  Moule's,  307 

—  other  forms  of,  307 

—  when  a  nuisance,  512 
Eberth's  bacillus  of  enteric  fever,  351 

—  and  pneiunonic  symptoms,  351 
Economic  value  of  waters,  187 
Edinburgh  Fever  Hospital,  500.  503 
Education  (Scotland)  Act,  1908,  and 

verminous  school  children,  484 
Effluvium,  343 

Effluents,  sewage,  273,  274,  276,  277. 

279,  284,  285,  286,  287,  288,  302,  322 
 micro-organisms  in,  284,  289. 

302  322 

 'standards  of,  292,  299.  302 

 trade-effluents,  290,  294,  302 

Electric  light,  163 
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JE31ectric  light  and  effect  on  air,  163 

—  character  of,  163 
Electrolysis  iu  sewage-treatment,  275 
Employees  imder  Factory  Act,  560 

—  age  and  sex  of,  560 
Endemic  disease,  344 
England  and  vaccination,  367 
Entamoeba  hystolytica,  362 
Enteric  fever,  343,  349,  351  et  seq. 

—  and  poUvited  dust,  354.  355 

—  and  flies,  349 

—  and  insects,  349 

—  and  cUmatic  factors,  349 

—  and  privy-midden  towns,  349 

—  and  milk-supply,  57,  349,  353 

—  and  shellfish,  353 

—  and  water-supply,  57,  176,  298 

—  and  soils,  355 

—  and  jaimdice,  359 

—  and  clothing,  355 

—  and  sewer-air,  355 

—  and  wines,  356 

—  and  water-cress,  356 

—  attack,  ages  in,  58 

—  carriers,  348 

—  disinfection  in,  451 

—  epidemics,  176 

—  fatality-rate,  56 

—  incubation-period  in,  351,  436 

—  infectivity  in,  437 

—  micro-organism  of,  349,  351 
 cultural  characters  of,  352 

—  sources  of,  353 

—  vaccination  in,  361 

—  Widal's  reaction  in,  359 
Epidemic  Diseases  Prevention  Act, 

4,  482 
Epidemic  Diseases,  344 

—  and  schools,  437 
Epidemics  of  Black  Death,  2 

—  of  cholera,  372 

—  of  diphtheria,  377 

—  of  enteric  fever,  1 76 

—  of  influenza,  373 

—  of  measles,  348 

—  of  plague,  2,  381 

—  of  scarlet  fever,  345 

—  of  smallpox,  345 

—  of  whooping-cough,  374 
Epizootic  vesicular  stomatitis,  413 
Epizootic  lymphangitis,  417 

— -notification  of,  417 

Equation  of  life,  81 

Equine  animals  and  mallein  test,  412 

Erysipelas,  343,  378 

—  incubation  period  of,  430 

—  infective  matter  in,  435 

—  micro-organism  of,  378 

—  notification  of,  439,  459 
E-!timation  of  population,  27 
Examination  of  air,  HI,  145 

—  of  foods,  529 

—  of  meat,  429,  431 


Examination  of  milk,  420,  429,  431 

—  of  sanitarv  efficiency  of  dwellings, 
265  ■ 

—  of  water,  192,  211 

Exhausted  tea,  legal  definition  of,  538 
Expectation  of  life  at  birth,  80 

—  Bristowe's  formula,  80 
— •  Farr's  formxila,  80 

—  Willich's  formula,  80 
Exposure  and  temperature,  85 
Extraction  systems  of  ventilation,  121 
Eytelwein's  formula,  264 

Factor  for  correction,  40 
Factory,  definition  of,  513,  557 

—  air-space,  558 

—  cleanliness,  514,  558 

—  drainage  of  floors  of,  558 

—  ventilation  of,  558 

Factory  and  Workshops  Acts,  2.  3,  4, 

237,  513,  557 
Factory  and  Workshops  Act,  1901, 

557 

—  as  to  health  and  safety  of  workers, 
557 

—  as  to  conditions  of  employment,  557 

—  as  to  education  of  children,  557 

—  as  to  dangerous  and  unhealthy 
industries,  557 

—  as  to  tenement  factories,  cotton- 
cloth  and  humid  factories,  bake- 
houses, laundries,  etc.,  557 

—  as  to  home-work  and  infectious 
disease,  557 

—  as  to  appointment  and  duties  of 
Certifying  Surgeon  under,  560,  564, 
578 

—  as  to  reports  of  and  notices  by 
M.  O.  H.,  557 

—  as  to  appUcation  and  definitions 
of,  557 

—  as  to  factories  under,  557 

—  as  to  workshops  under,  558 

—  as  to  ventilation,  561,  563 

—  as  to  tenement  workshop  or  work- 
place, 558 

—  as  to  duties  of  M.  O.  H.,  558 

—  as  to  sanitary  condition  of  work- 
shop, 558 

—  as  to  sanitary  condition  of  factorv, 
560 

—  as  to  ages  and  condition  of  employ- 
ment, 580 

—  as  to  notification  of  industrial 
poisoning,  556,  561 

—  as  to  notification  of  industrial 
diseases,  556,  561 

—  as  to  employment  of  young  persons 
in  poisonous  occupations,  562 

Factorv  and  Workshops  Act,  1907, 562 

—  as  to  laimdries,  562 

—  as  to  hours  of  employment,  562 

—  as  to  institutional  oiiiployment,  564 
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Factories  and  privy  accommodation, 

 and  sanitary  accommodation,  237 

Famine  fever,  351 

Fans  in  ventilation,  135,  143,  501 

—  araomits  of  air  delivered  by,  1 42 

—  velocity  of,  142 
Farcy  (see  Glanders) 
Farms,  sewage,  272,  298 

—  and  refuse-disposal,  305 
Farr's  formula,  80 

—  Life-tables,  61 

Farr,   and    density    of  population, 
34 

Fatality-rate,  56 

Favuia  of  water-supplies,  196 

Fecundity-rate,  35 

—  and  natality,  36 

Ferric  chloride  in  sewage-treatment, 
275 

—  sulphate  in  sewage-treatment,  275, 
294 

Ferrozone  in  sewage-treatment,  275, 
294 

Ferruginous    waters    and  acidity, 
193 

Fiducial  point,  94 
Field's  flush-tank,  239 
Filaria  and  water,  179 
Filthy  houses,  329 

—  treatment  of,  340 
Filter-beds  for  water-supplies,  184 

—  in  sewage-treatment,  276 

—  percolating,  286 

—  coal  as,  287 

—  clinker  as,  296,  305 

—  area  of,  287 

—  depth  of,  296 

—  purification  of,  295 
Filters,  household,  182 

—  Bell's,  186 

—  Berkefoldt,  183 

—  Candv,  186 

—  Jewell,  185 

—  Maignen's,  183 

—  Pastour-Chamberland,  183 
Filtering-media,  182.  184 
Filtration  of  air,  128,  130,  497 
Filtration    of   water-supplies,  182, 

184 

—  mechanical,  185 

—  and  bactorioscopic  examination, 
198 

—  sewage,  295 
Fires,  open,  155 

 ai  means  of  ventilation,  121 

Fish  and  leprosy,  390 
Fish-life  and  sowage-ofTluents,  303 
Fleas  and  plague,  384,  385 
Fleeming-Jenkins'  formula,  204 
Flesh  meat,  I 

—  and  Jews,  1,  431 

—  and  Talmud,  1 


Flesh  meat  and  tubercle,  418,  419 

—  examination  of,  law,  529,  535 
Flies  and  enteric  fever,  349 
Flies,  breeding  capacity  of,  349 

—  domestic,  349 
Floor-space  in  byres.  111,  136 

—  in  cowsheds,  136 

—  in  hospitals,  112 

—  in  schools,  114 

—  calculation  of,  139 
Flora  of  water-suppUes,  196 
Flush-closets,  233,  235 
Flush  of  water  for  W.C.,  238 
Flushing  of  drains,  257 
Fogs  and  dust,  110 
Fomites,  343 

Food,  legal  defu^ition  of,  538 
Foods,  imported,  and  Sale  of  Food, 
etc..  Act,  536 

—  unsound,  and  sanitary  action,  529, 
530 

 law  concerning,  529  et  seq. 

 seizure  of,  529,  530 

—  adulterated,  538,  542 
 law  concerning,  538,  540 

— power  of  L.  G.  B.  to  make  regulations 
regarding  importation  of,  535 

—  unfit  for  human  consumption,  342, 
529 

—  regulations  of  L.  G.  B.  as  to  mi- 
ported,  536 

—  Public  Health  (Regulations  as  to 
Food)  Act,  1907,  535 

Foods  and  enteric  fever,  356 

—  and  infective  diseases,  438 

Foot  and  Mouth  Disease,  343,  413, 
416 

—  in  man,  413 

—  incubation-period  of,  436 

—  history  of,  413 

—  notification  of,  417 

—  regulations  concerning,  414,  416 

—  symptoms  of,  413 

—  and  milk-suppljs  413 

Foot  and  Mouth  Disease  Order,  1895, 
414 

Foreign  boneless  beef,  536 
Foreign  countries  and  vaccination, 
304 

Foreign  Meat  Regulations  (Scotland), 

1908,  536 
Formaldehyde,  449,  450 

—  disinfection  by,  453 
Formalin  as  disinfectant,  453 

—  as  preservative,  453 
Forino-chloral,  454 
Fortin's  barometer,  94 
Foimdation  of  houses,  bye-laws  anent, 

527 

Fowl  cholera,  organism  of,  343 

—  diphtheria,  370 

France  and  vaccination,  304 
Frankland  apparatus.  111 
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Freibank,  419 

Fruit-picking  and  infective  disease, 
461 

Furnaces  for  room-heating,  88,  156 
Fyfe    and    Dobson's  smoke-testing 
machine,  260 

Galton's  grate,  126 
Gametocytes,  408 

Gannister  and  industrial  diseases,  547 
Gaols  and  typhus  fever,  2 
"  Gapes  "  in  fowls,  376 
Gas,  as  an  illnminant,  162 

—  acetylene,  163 

—  carburetted  water,  1 63 

—  coal-,  162 

—  composition  of,  162 

—  producer,  163 

—  natiiral,  171 

—  water-,  163 
Gas-fires,  157 

Gas-works  Clauses  Act,   1847,  and 

river-pollution,  310 
Gas-washings  and  pollution  of  water, 

202 

Gaseous  disinfection,  453 

—  by  formaldehyde,  453 

—  by  sulphurous  acid,  453 
Gaseous  imptirities  in  air.  111 
Gases  in  air,  92 

■ —  in  sewers,  266 

—  in  water,  171 

—  from  factories,  when  a  nuisance, 
513 

—  laws  of,  119 

Gathering  grounds  of  water-supplies, 
184 

Gay-Lussac's  law,  120 
Gelatin  and  tetanus,  405 
Geographical  distribution  of  cerebro- 
spinal fever,  392 

—  of  cholera,  372 

—  of  dysentery,  362 

—  of  influenza,  373 

—  of  leprosy,  389 

—  of  malaria,  406 

—  of  plague,  381 

—  of  pulmonary  phthisis,  431 

—  of  respiratory  diseases,  428 

—  of  small-pox,  364 

—  of  yellow  fever,  350 
Geology  of  sanitary  areas,  20,  173 

—  of  water-supply  areas,  20,  169,  173, 
298 

—  and  summer  diarrhcea,  350 
Geometric  moan,  76 

Geometric  increase  of  population,  27 
George's  calorigeu,  127 
German  measles,  343 
Germany  and  vaccination,  364 

—  and  smallpox,  365 
Germicides,  446,  449 

—  efficient  use  of,  449 


Germicides,  potency  of,  449 

—  standardisation  of,  451 
Glaisher's  formiila  and  tables,  90 

—  rain-gauge,  90 

Glanders  and  equine  animals,  343, 
411,  412 

—  and  man,  411 

—  diagnosis  of,  412 

—  incubation  period  of,  436 

—  and  infective  matter  in,  411 

—  law  respecting,  412,  417 

—  micro-organism  of,  411 

—  notification  of,  417 

—  symptoms  of,  411 

—  use  of  mallein  in,  412 

—  water-supply  and,  179 

—  Contagious  Diseases  (Animals)Acts 
and,  411,  417 

Glanders  and  Farcy  Orders,  412,  413 
Glasgow,    refuse-disposal   works  of, 
304,  305 

—  water-supplies,  174,  185,  189 

—  sewage-purification  works,  274 

—  sewage  -  purification   and  sludge- 
disposal,  299 

Glasgow  Buildings  Regulation  Act, 
1900 

—  and  definition  of  drain,  262 

—  and  drains,  246 

—  and  W.C.s,  233 

Glover-Lyon's  ventilating  system,  133 
Goddard,  Massey,  and  Warner's  dis- 

infector,  448 
Gordon  on  coccal  organisms,  403 
Glycerinated    calf-lymph    (see  Calf 

lymph) 
Glycoformal,  454 
Goitre  and  animals,  181 

—  and  man,  179 

—  and  cretinism,  179 

—  distribution  of,  179,  180 

—  haematozoon  of,  180,  182 

—  water-supplies  and,  179 
Gradient  of  drains  and  sewers,  244 
Gradient-indicator,  245 
Gradientsin  barometric  readings  96,97 
Graham's  law,  119 

Grasset's  haematozoon,  180,  182 
Grates,  155 

—  slow-combustion,  155 

—  and  ventilation  of  rooms,  121,  127 
Grease-traps,  229,  230 

Great  Britain  and  vaccination,  367 
Grinder's  rot  and  industries,  547 
Grit  chamber,  280 
Ground-damp  in  houses,  260 
Gut-cleaner,  516 
Gutters,  foul,  a  nuisance,  512 

Habits  of  population  and  health,  20 
Habitability  of  dwellings,  268 
Habitat  of  microbes  in  body,  344 
Haematozoa  in  goitre,  180,  182 
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Haematozoa  in  malaria,  407 
Haemamoeba  vivax,  407 

—  inalariac,  407 
Haemamonas  praecox,  407 
Haf51iine's  plagvie-sorum,  389 
Hair-sorting  and  anthrax,  35,  414,  548 
Haii'-importation  and  plague,  442 
Haldane   and   Lorrain,   on  organic 

matter  in  air,  116 
Haldane's  process, for  COj  in  air,  153 
Hall's  test  for  COg  in  air,  147 
Halteridimn  in  birds,  407 
Hamburg  and  cholera,  175 
Hansen  and  B.  leprae,  389 
Hardness  of  water,  174  et  seg. 

—  causes  of,  174 

—  estimation  of,  214 

 chemically,  215 

• — •  —  soap  test,  214 

—  rationale  of  tests  of,  175 

—  permanent,  175 

—  removal  of,  175 

—  temporary.  175  ■ 

—  total,  175  ' 
Harmonic  mean,  77 

Hatton's  window  ventilator,  122 

—  wall  ventilator,  125 
Heat  as  germicide,  446 

—  dry,  as  germicide,  447 

■ —  moist,  as  germicide,  447 
Heating  and  lighting,  155  et  seq. 

—  and  ventilation,  125,  133 

—  by  open  fires,  155  495,  496 

—  by  closed  stoves,  156,  502 

—  by  electricity,  1 63 

—  by  gas-fires,  157 

—  by  oil-stoves,  158 

—  by  hot-air,  161 

—  by  hot  water,  158,  495,  496,  500 

—  by  Reck  .system,  160 

—  by  steam,  159,  502 

—  by  radiators,  159,  505 

—  of  hospitals,  495,  500,  502,  505 
Heating  of  milk  and  changes  therein, 

420 

Helium  in  air,  106 
Hellyer's  anti-D  Trap,  251 
Hendon  disease  and  milk,  345 
Henman's  Royal  Victoria  Hospital, 

Belfast,  494 
Hesse's  apparatus  for  bacteria  in  air, 

111 

—  for  CO;,  in  air,  152 
Hexametliylentetramin,  454 
Hide-factor,  516 

Hides  and  anthrax,  414,  548 
— •  and  plague,  442 

Hille's  process  of  sewage-treatment, 
276 

Hinckos-Bird  window  ventilation,  122 
Homalomyia  canicularis,  349 
Home-workers,  500 

—  and  infectious  disease,  560 


Honeyman's  Somerset  trap,  250 
Hopper  water-closets,  235 
Horses  and  glanders,  411,  412 
Horseflesh  Act,  Sale  of,  531 

—  legal  definition  of,  532 
Hospitals,  Isolation,  485  et  seq. 

 air-supply  to,  112,  113,  495 

 accessory  buildings,  490 

 accommodation  in,  22 

— ■  —  adininisti'ation  of,  490,  491 
■  area  of,  489 

 bacteriological   laboratorv  in, 

491 

 beds  per  acre,  492,  500 

 bed-spaces  in,  499,  502,  504,  505 

 buildings,  490 

 block  type,  493 

 corridor  tj^pe,  493 

 cost  of,  370,  506 

 detention  in,  474 

—  drainage  of,  504,  506 

—  —  heating  of,  490,  495,  500,  502, 
505 

•  —  Henman  type,  494 

 incidence  of  accommodation  in, 

22,  489,  492,  500 

 law  respecting,  485, 487, 489, 506 

•  fighting  of,  492,  494,  495,  505 

 pavifion  type,  491,  492 

 plans  of,  490,  510 

 portable,  510 

 removal  of  infected  person  to, 

468,  473 

 removal  of  infected  bodies  from, 

462,  478 

 return  cases,  348 

 size  of,  485 

 situation  and  site,  487,  490,  510 

 sites  of,  435,  494 

 smaUpox,  370,  486,  487,  489, 

500,  510 

 smishino  in,  492 

 types  of,  491,  493,  494 

 tj'pical,  498 

 wards,  490,  491 

 ward-spaces,  112,  113,  495,  499, 

505 

 window-spaces,  495,  499 

 ventilation,  490,  492,  494,  495, 

500,  502,  504 
Hospital  isolation,  348,  461 

—  and  scarlet  fever,  348 
Hospital,  Belfast,  Royal  Victoria,  494 

—  Belvedere,  Glasgow,  486,  493,  496 

—  Bristol,  495 

—  Dunfermline  Combination,  502 

—  Edinburgh  New,  500,  503 

—  London,  Wosterii  Fever,  497 

—  Middle  Ward  of  Lanarkshire,  504 

—  Ruchill,    Glasgow,    488,   491,  492 
497,  498 

—  Warrington,  503 
Hot-air  furnaces,  161 
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Hot-water  installations,  158 

—  supply  in  houses,  222 
House-flies,  349 

—  and  convection  of  disease,  349 
House,  definition  of,  471 

—  conunon  lodging-,  461 

—  infective,  461 

—  ticketed,  33,  113 

Housing   of   Working   Classes  Act, 

1890,  4,  5,  511 
Houses,  common  lodging-,  461 
 bye-laws  as  to,  526 

—  let  in  lodgings,  525 

■  bye-laws  as  to,  525 

—  and    W.C.    accommodation,  law 
respecting,  326,  337 

—  under  provisions  as  for  common 
lodging-,  482,  513 

Houses  of  Reception,  467 
House  of  Commons,  ventilation  of, 
132 

House,  cleansing  of  filthy,  340 

—  closui'e  of,  511 

—  definition,  legal,  of,  513 

—  defective,  268 

—  insanitary,  268,  511 
House-drain,  244  et  seq. 

—  alignment  of,  244 

—  blocWng  of,  248 

—  composition  of,  245  ! 

—  connections  to,  246,  248 

—  construction  of,  245 

—  definition,  legal,  of,  262 

—  disinfection  of,  261 

—  foimdation  of,  246 

—  flushing  of,  257 

—  gradients  of,  244 

—  inspection  openings  in,  248 

—  inspection  chamber,  249 

—  jointing  of,  245 

—  law  as  to  261,  262,  324 

—  pedestalled,  246 

—  plans  of,  245,  246,  261 

—  relation  to  house  walls  of,  246 

—  requirements  of,  249 

—  sizes  of  pipes  of,  258 

—  testing  of,  258 

House  drainage,  225  et  aeq. 

—  bath  connections,  227 

—  kitchen-sink  connections,  230 

—  law  as  to,  261,  262,  324 

—  pantry -sink  connections,  230 

—  rain-conductor  connections,  232 

—  sewer  connection,  232 

—  soil-pipe  connection,  232 

—  slop-closet  connection,  239 

—  traps,  250,  255 

—  urinal  connection,  232 

—  wash-basin  connection,  228 

—  waste-water  system  of,  227 

—  water-closet  connection,  232 
House  refuse,  225,  303 

—  disposal  of,  305 


House  refuse,  destruction  of,  305 
Housing  of   Working   Classes  Act, 

1890,  and  closure  of  house,  511 
Houston  on  bacterial  examination  of 

water,  197 

—  on  plumbo-solvency  in  waters,  192 

—  on  sewage-treatment  and  patho- 
genic microbes,  289 

—  on  Yeovil  sewage  and  anthrax,  284 
Howard  and  hygiene  of  gaols,  2 
Howard's  rain-gauge,  90 
Howatson's    process    for  softening 

water,  187 
Humidity  of  atmosphere,  87 

—  absolute,  88 

—  in  cotton  factories,  110,  514 

—  in  plenum  ventilation,  88 

—  in  rooms,  88 

—  in  school-rooms,  145 

—  in  tropics,  138 

—  relative,  88 

—  estimation  of,  88 
HydrauUc  test,  258,  336 
- — •  formulae,  263 

—  mean  depth,  264 

HCl  vapour  as  disinfectant,  450 
Hydrogen  in  air,  107 
Hydrophobia  (see  Rabies) 
Hygiene  in  Middle -Ages,  1 

—  in  Mosaic  times,  1 
Hygrometers,  88 

—  Daniell's,  88 

—  Dine's,  89 

—  direct,  88 

—  indirect,  89 

• — •  psychrometer,  89 

—  Regnault's,  89 

—  Saussure's,  90 

—  sUng,  89 

—  wet-and-dry  bulb,  89 
Hygrometry,  88 

Identity    of    hmnan    and  bovine 

tubercle,  423 
Illuminants,  artificial,  162 

—  comparative  values  of,  164 
Importation  of  Do^s  Order,  1901,  392 
Importation  of  Canme  Animals  Order, 

1909,  392 

—  of  susceptible  goods  and  plague,  442 
Imported  foods  and  Sale  of  Food  and 

Drugs  Acts,  542 

—  boneless  moat,  536 

—  tripe,  537 

Impure  air,  characters  of,  1 10 

—  effects  of,  110 

Impure  water  and  effects  on  health, 
175 

—  water-supply  and  legal  liability, 
178 

Impurities  of  air,  particulate,  110,  547 

—  gaseous,  111 

—  microbic,  110,  549 
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Incandescent    system    of  electric- 

ligliting,  1(53 
Incidence  of  population,  26 
Incubation  -  periods      in  infective 

diseases,  436 
India  and  vaccination,  366 
Indian  Plague  Commission  and  rat 

fleas,  385 

—  and  anti-plague  inocixlation,  389 
Industrial  environment  and  anthrax, 

414 

—  and  dust  diseases,  547 

—  and  mortality,  549  et  seq. 

—  and  poisoning,  561 
Infantile-mortality,  41,  82 
• — •  causes  of,  46 

—  death-rates,  41,  42,  48,  50 

—  rate,  41 

—  prevention  of,  48 

—  relation  to  birth-rates,  48 
Infection,  343 

—  sources  of,  438 

Infectious  Disease  (Prevention)  Act, 
1890,  461 

—  transportation  of  dead  infective 
bodies,  461,  576 

—  removal  from  hospital  of  infective 
dead,  462,  478,  576 

—  letting  for  hire  infected  rooms,  462 

—  inspection  of  persons  in  dairy  by 
M.  O.  H.,  463,  477 

—  inspection  of  cows  in  dairy  by  Vet. 
Surgeon,  463,  477 

—  and  infectious  diseases,  468 

—  and  provisions  for  disinfection,  470 

—  and  powers  to  disinfect  premises, 
470 

—  and  powers  to  remove  to  shelter 
occupants  of  infected  house,  470, 
471 

—  and  compensation  for  damage  in 
disinfection,  471 

—  and  compulsory  disinfection,  472 

—  and  casting  infective  matter  into 
ash-pits,  472 

—  and  penalty  for  liot  disinfecting 
house  let  on  hire,  473 

—  and  power  of  justice  to  detain 
patient  in  hospital,  474 

—  and  power  to  remove  bodies  of 
infective  dead  to  mortuary, 
478  ^ 

—  and  infected  public  conveyance  to 
be  disinfected,  479 

—  and  accommodation  in  infectious 
diseases,  509 

Infectious  Disease  (Notification)  Act 
1889,  439,  459 

—  and  phthisis,  429 

Infectious  Disease  Notification  (Ex- 
tension) Act,  1899,  460  ' 

Infections  diseases  and  Sanitary 
Authorities,  459  el  acq. 


Infectious  diseases,  law  as  to,  459, 
469 

—  notification  of,  439,  459 

—  prevention  of,  342  et  seq. 

—  and  ages  of  attack,  58 

—  and  climatic  conditions,  344 

—  and  deatli -rates,  54 

—  and  Koch's  rules,  342 

• —  and  incubation-periods,  436 

—  and  infective-periods,  430 

—  and  milk-supplies,  463 

—  and  propagation  of,  437 

—  and  ■water-supplies,  175  et  seq. 
Infective  materials,  343,  435,  437 

—  nature  of,  343,  435 

—  destruction  of,  446 
Infective  persons,  law  as  to,  460 

—  places,  law  as  to,  462 

• —  things,  law  as  to,  463 
Infectivity  in  zj^motic  diseases,  437 

—  periods  of,  437 
Influence,  343 
Influenza,  343,  373 

—  and  climatic  factors,  373 

—  and  geographical  distribution,  373 

—  and  pink-eye  in  horses,  373 

—  incubation-period  of,  436 

—  micro-organism  of,  373 
Inoculation  of  smallpox  virus,  2 

—  of  anti-plague  serum,  389 

—  of  anti-typlioid  emulsion,  361 

—  of  anthrax,  414 

Insanitary  environment  and  cerebro- 
spinal fever.  398 

—  and  typhus  fever,  348 

—  and  tubercular  diseases,  418 

—  and  malaria,  407,  438 

Insects  and  propagation  of  enteric 
fever,  349,  438 

—  of  malaria,  407,  408,  409 

—  of  sleeping-sicloiess,  438 

—  of  Texas  fever,  438 

—  of  plague,  383.  438 

—  of  yellow  fever,  350 
Inspection  of  cattle  in  dairies,  533 
Inspection  of  dairies,  533,  535 
Inspection  of  drains,  246,  248,  324 

—  bye-laws  as  to,  524 
Inspection  chamber,  249 
Inspector  of  nuisances,  13 

—  appointment  of,  13 

—  duties  of,  14 

—  relation  to  M.  O.  H.,  19 

Ins  tituti  onal  emplo  jTiientand  Factory 

Acts,  563 
Intercensal    population,    modes  of 

estimating,  27 
Interment  (see  Burial) 
Intermittent  downward  filtration,  272 

—  and  cropping,  273 
Intermittent  water-supply,  189 

—  merits  and  demerits  of,  190 
Invasion  of  infectious  disease,  437 
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Iodine  as  disinfectant,  449 
Ireland  and  vaccination,  3(39 
Irrigation  sewage-treatment,  271 
Iron-alum  in  sewage-purification,  275, 
294 

Iron  process  of  purifying  water,  187 
Iron  process,  electrolytic,  in  sewage- 
treatment,  275,  294 
Iron  in  sewage-treatment,  274 

—  in  waters,  estimation  of,  212 

—  polarite  or  ferrozone  process,  275, 
294 

—  siilphate  as  disinfectant,  449 
Iron  pipes  and  corrosion  by  water,  195 

—  prevention  of,  195 
Isobars,  97 
Isobaric  maps,  97 
Isohels,  86 

—  in  Europe,  87 
Isohyets,  91 

Isolation  in  infectious  diseases,  440 

—  in  houses,  445 

—  in  hospitals,  440 

Isolation  Hospitals  (see  Hospitals) 
Isolation  Hospitals  Act,  1893,  485,  507 

—  power    to    County    Coimcils  to 
establish  isolation  hospitals,  507 

—  venue  of  operation  of,  507 

—  procediu-e  on  application  to  Cotmty 
Council,  507 

—  formation  of  Hospital  Committee, 
508 

—  power  of  Hospital  Committee  to 
acquire  land,  508 

—  Hospital  Committee  to  make  rules 
and  regulations,  508 

—  hospitals  to  have  ambulance,  508 

—  Committee  to  arrange  for  training 
of  fever  nurses,  508 

—  and  patients'  expenses,  508 

—  classification   of   patients    as  to 
payment  of  maintenance,  508 

—  and  definition  of    "  local  area  " 
under  Act,  509 

—  and  definition  of  "Local  Author- 
ity" under  Act,  509 

Isolation  Hospitals  Amendment  Act, 

1901,  484,  507 
Isonephs,  87 
Isotherms,  85 

—  of  British  Islands,  86 
Isothermal  maps,  85 
Italy  and  vaccination,  365 

Jaundice  and  enteric  fever,  359 
Jenner,  and  vaccination,  2 
Jersey  cattle  and  tuberculosis,  423 
Jewell-filters  for  water,  185 
Jewish  people  and  hygienic  laws,  1 

—  and  pulmonary  phthisis,  431 
Jointing  of  sanitary-pipos,  245 
Jones'  oxpanding-Hcrew,  259 
Jones'  pipe  stopper,  259 


Jones'  smoke-machine,  258 
Jordan's  sunslune-recorder,  80 
Jute  and  tetanus,  405 

Kitchen-sink  and  connections,  230 
Kew  barometer,  94 
Key's  sytem  of  ventilation,  130,  496 
Keeping  of  animals  as  a  nuisance,  340 
ICnacker,  516 

—  definition  of,  518 
Knacker's  yard,"  definition  of,  519 

—  inspection  of,  16 
Koch's  rules,  342 

—  tuberculin,  432 

Lakes  as  water-suppUes,  166 

—  character  of  waters  of,  166 
Lanarkshire  Middle  Ward  Hospital, 

504 

Land  for  sewage-treatment,  290 

—  purification  of  sewage  by,  271,  298 
Latitude  and  temperature,  85 
Laimdries  and  relapsing  fever,  351 

—  and  infective  diseases,  law  as  to, 
472 

—  and  Factory  and  Workshops  Acts, 
562,  563 

Law  respecting  air-supply  of  animals 
in  cowsheds,  135 

—  air-supply  of  factories,  etc.,  109 

—  ash-pits  in  burghs,  327,  337 

—  contagious  diseases  of  animals,  412 

—  cubic-spaces,  113 

—  drains,  261,  324 

—  earth-closets,  327,  337 

—  factories  and  workshops,  557 

—  foods,  529  et  seq. 

—  isolation  hospitals,  485  et  seq.,  487, 
489,  506 

—  house-drainage,  324 

—  infective  diseases,  459,  469 
 notification  of,  439,  459 

—  offensive  trades,  516  et  seq. 

—  Port  sanitary  areas,  12 

—  privies,  337 

—  quarantine,  440,  444 

—  sale  of  butter,  543 

—  sale  of  food,  529  et  seq. 

—  sale  of  horseflesh,  532 

—  sale  of  margai'ine,  531 

—  sale  of  milk,  541,  542,  543 

—  sewers  and  sewerage,  315,  333 
 in  Scotland,  314 

 in  England,  333 

—  soil-pipes,  326 

—  special  scavenging  districts,  329 

—  special  drainage  districts,  323 

—  special  water-supply  districts,  205 

—  water-closets,  237,  320,  337 

—  water-supplies,  199 

 England,  201 

 Ireland,  210 

 Scotland,  204 

—  ti'ade-offluents,  291 
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for 


sterilising 


.191, 


243 


Laws  of  gases,  119, 
Lawrence,  process 

water,  185,  187 
Lead  colic,  Baker  on,  2 
Lead  in  waters,  191,  194 

—  estimation  of,  212 
Lead-pipes  and  action  of  water, 

194 

—  and  corrosion  by  sewer-gases, 
Lead  poisoning  in  industrial  occupa- 
tions, notification  of,  561 

Leprosy,  343,  389 

—  and  eating  of  fish,  390 

—  forms  of,  390 

—  infectivity  of,  390 

—  geographical  distribution  of,  390 

—  prevention  of,  391 

—  treatment  of,  390 

—  use  of  serum  in,  391 

Lewis,  on  Natality  and  Fecundity,  36 
Libraries  and  infected  books,  law  as 

to,  464,  481 
Liemm-'s  system  of  sewage-treatment, 

307 

Life-tables,  60  et  seq. 
■ —  for  England,  60 

—  for  Scotland,  62 

—  for  Glasgow,  63 

—  history  of,  60,  62 

—  construction  of,  63  et  seq. 
Life  capital,  81 

Life-history  of  malarial  parasites,  408 
Light  as  a  germicide,  446 
Light,  deficiency  of,  in  houses,  268 
Lighting,  162  et  seq. 

—  by  coal-gas,  162 

—  by  electricity,  163 

—  by  oil,  163 

—  of  hospitals,  495 

—  of  cowsheds,  420 

Lime  in  sewage-purification,  273,  294 

—  and  iron  in  purification,  273,  294 

—  and  alumino-ferric,  273,  294 

—  and  ferric  sulphate  purification,  274 
Lime  salts  in  water,  estimation  of,  211 
Lime  juice  in  scurvy,  2 

Lincoln  epidemic  of  enteric  fevor,  177 

—  epidemics  of  pseudo -scarlet  fever, 
347 

Liverpool  water-supply,  189,  197 
Local    Authority    under  Isolation 
Hospitals  Acts,  509 

—  under  Sale  of  Food  and  Drugs  Acts, 
538 

—  under  Tublic  Health  Acts,  523,  525 

—  under  Diseases  of  Animals  Acts,  41 7 

—  and  appointment  of  Public  Ana- 
lyst, 543 

Local     Government     Boards  and 
Ijhthisis  regulations,  427 

—  and  plague  regulations,  387,  440. 

—  and  creation  of  Port  Local  Au- 
thority, 466 


Local  Government  Boards  and  mor- 
tuary regulations,  479 

—  and  analysis  of  foods,  etc.,  536 
, —  and  public  analyst,  540,  543 

—  and  rat  destruction,  388 

—  and  river  inspection,  309 

. —  and  Rivers  Pollution  Acts,  308 

—  and  size  of  sewers,  265 

—  and  water  clauses,  199 

—  and  j\Iemorandum  as  to  hospitals, 
489 

Local  Government  Act,  1888,  and 
County  Coimcils  and  rivor  pollu- 
tion, 290,  310 

—  and  Joint  Committee  for  river 
pollution  prevention,  290,  310 

—  and  regulations  as  t3  duties  of 
sanitary  officers,  etc.,  19  et  seq. 

Local  Government  Act,  1894,  and 
powers  to  Parish  Councils  for 
water-supply,  204 

Local  Government  (Scotland)  Acts, 
1889  and  1894,  County  Councils 
and  river  pollution,  290,  310 

—  and  Joint  Committee  for  river 
pollution  prevention,  290,  310 

—  borrowing  powers  in  counties,  319 

—  and  bye-laws  by  Coxmtj'  Coimcils, 
523 

—  and  special  drainage  districts,  319, 
323 

—  and  management  of  districts,  324 

—  and  special  water  districts,  323 

—  and  special  scavenging  districts,  329 

—  and  procedure  to  form  districts,  329 

—  and  committee  to  manage  dis- 
tricts, 330 

—  and  sewer-rating,  323 

London  and  sewage-treatment,  285, 
289 

—  and  sludge^disposal,  299 

—  and  water-supplj%  184,  189,  198 
London  County  Comicil,  and  traps  on 

soil-pipes,  257 
Lunge-Zeckendorf5's  process  for  COo 
in  air,  146 

Mackinnel's  tube,  127 

Magnesimn  salts  in  sewage-treat- 
ment, 273,  276 

Magnesia  in  water,  estimation  of,  211 

Maidstone  epidemic  of  enteric  fever, 
177,  197 

Maignen's  fdtre  rapide,  183 

Malaria,  343,  406 

—  climatic  factors  in,  400  ■ 

—  cause  of,  406 

—  go(5graphical  distribution  of,  406 

—  haomatozoa  of,  407 

—  incubation-period  of,  436 

—  life-c.yclo  of,  in,  408 

—  mosquitos  and,  407,  408,  409 

—  of  birds,  407 
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Malaa'ia  of  man,  407 

—  prevention  of,  410 

—  quinine  in,  411 
Mai  de  montagne,  103 1 
Malignant  pustule,  343,  414,  548 

—  causes  of,  414 
Mallein,  412 

Manchester  and  sewage-treatment,  290 

—  and  sludge-disposal,  299 

—  and  milk-suppUes,  421 

—  and  water-supply,  189,  197 
Manganate  of  soda  in  sewage-treat- 
I    ment,  276 

Manlove,  Alliot  &  Co.'s  destructor,  447 
Manufactories,  when  a  nuisance,  513 
Manure  manufactm-er,  516 

—  bye-laws  for,  518  e<  seq. 
Manure  depots,  512 

—  byelaws,'  524 

Manurial  matters  in  streets,  341 

—  deposits  near  roads,  512 

—  deposits  on  railway  sidings,  512 
Margarine  Act,  1887,  provisions  of, 

531,  543 

Margarine,  law  as  to  sale  of,  531,  542j 

—  legal  definition  of,  531 
Margarine  cheese,  law  as  to  maldng, 

532,  542,  543 

— •  legal  definition  of,  532 

—  legal  sale  of,  532 

Margarine  factory,   registration  of, 

531,  543 
Marriage-rate,  38 
Marriotte's  law,  120 
Marsh-gas  in  air,  107 
Mascuhnity  of  peoples,  36 
Mean  age  at  death,  79,  81 

—  death-rate,  74 

—  duration  of  hfe,  80 

—  error,  75 

—  half-tide  level,  90 

—  population,  66 

Means,  calculation  of  (see  Averages) 
Measles,  343 

—  climatic  factors  in,  348 

—  death-rate  from,  54,  55,  56,  57 

—  disinfection  in,  451 

—  incidence  of  attack-ago,  58 

—  incubation-period  of,  436 

—  infective  matter  in,  435 

—  infective  period  of,  437 

—  German,  343 

—  micro -organism  of,  348 
Meats,  imported,  536 

—  classification  of,  537 

—  procedure  by   M.   O.    H.    as  to 
examination,  536,  537 

Mechanical  filtration  of  water-sup- 
plies, 185 

—  ventilation,  128 
 systems  of,  120 

—  sprinklers  and  sewage-purification, 
285 


Medical  officer  of  health,  5 

—  appointment  of,  5 

—  duties  of,  5,  13 

 under  Factory  Act,  552 

 regulations  as  to,  19,  523 

—  of  ports,  duties  of,  10 

—  relations  to  sanitary  inspector,  19, 
523 

—  reports  of,  10,  20 

— •  examination  of  foods,  529 
Medical  officers  of  schools  and  in- 
ki  fectious  diseases,  436 
Membranous  croup,  378 

—  notification  of,  378,  439,  459 
Memorandum  and  Order  by  L.  G.  B. 

as  to  plague,  387,  388 
Memorandum  of  L.  G.  B.  anent  burial 

and  bm'ial-groimds,  580,  581 
Meningitis,  cerebro -spinal  (see  Gere- 

bro-spinal  meningitis) 

—  tubercular,  418 
Meningococcus,  401 

—  and  healthy  "  carriers,"  399 

—  cultural  differentiation  of,  403 
Merchandise  and  plague,  442 
Mercury  salts  as  germicides,  261,  449, 

450 

Mersey  and  Irwell  Joint  Committee 

Act,  292,  310 
Merulius  lacrymans,  269 
Metallo-keramic  joint,  241 
Meteorology,  83  et  seq. 
Meteorology  of  sanitary  areas,  20 
Method    of    investigating  sanitary 

efficiency  of  dwelhngs,  268 

—  of  successive  means,  76 
Methods  of  ventilation,  119 
. —  of  sewage  disposal,  270 

—  of  sewage-piirification,  271 

—  of  refuse-disposal,  303 

—  of  refuse-destruction,  304 
MetropoUs   Local  Management  Act 

and  dram  definition,  262 
Mez,  on  faima  and  flora  of  waters, 

196 
Miasma,  343 

Micrococcus  catarrhalis,  403 
Microsphaera  variolae,  363 
Micro-organisms,  types  of,  342 

—  habitat  of,  344 

Micro-organism  of  anthrax,  135,  284, 
414 

—  of  calf -lymph,  371 

—  of  cerobro-spinal  meningitis,  401 

—  of  cholera,  289,  373 

—  of  dysentery,  362 

—  of  enteric  fever,  289,  349,  351 

—  of  foot-and-mouth  disease,  413 

—  of  glanders,  411 

—  of  influenza,  373 

—  of  lepi'osy,  390 

—  of  plague,  382 

—  of  pnoiunonia,  380 
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Micro-organisin  of  relapsing  fevor,  351 

—  of  summer  diarrhasa,  350 

—  of  smallpox,  363 

—  of  tetanus,  405 

—  of  tubercle,  417 

—  of  whooping-cough,  374 

—  of  yellow-fever,  350 

—  in  air,  110 

—  in  sewage,  281,  282 

—  in  sewer-air,  267 

—  in  water,  198 
Microsporidia,  407 
Midwives  Act,  379 
Milk-borne  diseases,  345,  349 

—  epidemics,  345,  349 

Milk,  condensed,  law  as  to  imported, 
542 

Millv  and  diphtheria,  378,  425,  438 

—  and  enteric  fever,  349,  353,  425, 
438 

—  machine  skimmed,  542,  544 

—  and  scarlet  fever,  345,  425,  438 

—  skimmed,  law  as  to,  542,  543 
 law  as  to  imported,  542,  544 

—  and  smnmer  diarrhoea,  349 

—  and  tuberculosis,  418,  419,  420,  425 

—  changes  in  from  heating,  426 

—  Pasteurisation  of,  425,  426 

—  humanised,  426 

—  impoverished,  542,  543 

—  and  Sale  of  Food  and  Drugs  Acts, 
541 

—  and  sale  of,  regulations,  543 

—  sterilisation  of,  425,  426 

—  standard  of  quaUty  of,  543 
Milking  and  infectious  persons,  law  as 

to,  461 

Milk-supply  and  infective  diseases, 

law  as  to,  463 
Milk-shops,  inspection  of,  17 
Milk-traffic  and  dairy-farms,  20 
Mineral  acids  as  disinfectants,  449 

—  constituents  in  waters,  179 
Mine  barometer,  94 

Mines,  ventilation  of,  134 

—  barometric  pressure  in,  104 
Model  bye-laws   and  water-closets, 

etc.,  339 
Model  bye-iaws  for  burials,  580 
Model  bye-laws  and  interments,  515 
Modes  of  propagation  of  infectious 

diseases,  437 
Moigno  and  bacterial  sewage-treat- 
ment, 279 
Momentum  and  siphonage  of  traps, 
255 

Montagu,  Lady  Mary,  and  inocu- 
lation against  small-pox,  2 

Montgolfier's  theorem  or  rule,  143 

Moore's  ventilatora,  122 

Moorland  waters  and  plumbo  -  sol- 
vency, 193 

Morbidity-rate,  56 


Mortality  of    Infants  (see  Infantile 
Mortality). 

—  of  population  (see  Death-rates) 

—  of  occupations  (see  Death-rates) 
Mortuaries  and  infective  bodies,  461, 

490 

—  law  as  to,  479,  480 

—  regulations  as  to  management  of. 

523 

Mosaic  Code  and  hygienic  laws,  1,  342 
Moss-Flower's  gradient  indicator,  245 
Mosquitos  and  malaria,  407,  408 
Mosquitos,  breeding  grounds  of,  410 

—  destruction  of,  410 

—  habits  of,  411 
Mountaineering,  effects  of,  103 
Mountain  sickness,  103 
Movements  of  population,  26,  100 

—  of  atmosphere,  98 
Mmnps,  343 

Mus  rattus,  384 
Mils  decumanus,  384 
Musca  domestica,  349 
Muscina  stabulans,  349 
Mussels  and  enteric  fever,  354 

Nastin  in  leprosy,  390 
Natality  and  fecundity,  36 
Natural  gas  in  water-supplj%  171 
Natural  ventilation,  119 
Nessler's  test,  216 
Netherlands  and  vaccination,  365 
Neumann's  microbe  for  rat-killing, 
389 

New  Zealand  and  vaccination,  367 
Nitrates  in  waters,  estimation  of, 
213 

Nitric  acid  in  air,  109 
Nitrites  in  waters,  213 
Nitrogen  in  air,  109 

—  and  plant-assimilation,  109 

—  in  waters,  213 

—  in  sewage-effluents,  285-298 
Nitro-bacteria,  281 
Nitroso-bacteria,  281 

Notifiable  infective  diseases,  439,  459 

—  industrial  diseases,  556,  561 
Notification  of  anthrax,  417,  556, 

561,  568 

—  of  Births  Act,  37,  48 

—  of  cattle  plague,  417 

—  of  diseases  of  animals,  417 

—  of  industrial  poisoning,  550,  556, 
561 

—  of  infectious  diseases,  439,  459 

—  of  plague,  388 

—  of  plague,  under  Venice  Coiiven 
tion,  441 

—  of  pulmonary  phthisis,  426,  429 
Nuisances,  common  law,  511 

—  statutory,  511 

—  definition  of,  511 

—  law  as  to,  511  et  acq. 
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Nuisances,  list  of  statutory  nuisances, 
511 

—  house  so  constructed  as  to  be 
injurious  or  dangerous  to  health, 
511 

—  foul  condition  or  situation  of  street, 
pool,  gutters,  closets,  privy,  ash-pit, 
512 

—  well  or  water-supply  dangerous  to 
health,  512 

—  stable,  byre,  or  building  in  which 
animals  are  kept  so  as  to  be  in- 
jurious or  dangerous  to  health,  512 

—  accumulations  or  deposits  of 
manure,  512 

—  work  or  manufactory  injurious  to 
health  of  neighboiu-hood,  513 

—  overcrowding  of  a  house  as  to  be 
injurious  to  health  of  inmates,  513 

—  schoolhouse  or  factory  as  to  ven- 
tilation, cleanliness,  or  overcrowd- 
ing, 513 

—  smoke  from  furnace  of  manufac- 
tories, 514 

—  churchyard,  cemetery,  so  sitiiated, 
so  crowded,  or  so  conducted,  514 

• —  procedure  in  cases  of,  515 

—  regulations  of  L.  A.  as  to  informa- 
tion of  from  police,  523 

—  in  Scottish  statutes,  511  et  seq. 

—  in  Ertghsh  statutes,  515 

Oats  and  anthrax  infection,  416 
Occupation  of  rooms  and  effects  on 
air,  114 

Occupational  diseases  (see  Diseases 

of  Occupation) 
Occupations,  classification  of,  545,  546 

—  among  poisonous  materials,  546 

—  and  acquirement  of  vicious  habits, 
547 

—  and  acquirement  of  alcohoUc  habits, 
547 

—  and  eicquirement  of  drug  habits,  547 

—  comparative  mortality  figures  for, 
553,  554 

—  causing  physical  deformity  or 
disability,  556 

—  anthrax  and,  548 

 preventive  measures,  548 

—  gannister  disease  and,  547 
 death-rates,  548 

—  hair-  and  hide-worldng,  and  an- 
thrax, 548 

—  dangerous,  557 

—  chrome,  and  ulceration  of  nasal 
septum,  546,  548 

—  grinders'  rot  and,  547 

—  malignant  pustule  and,  548 

—  mortality-rates  from,  549,  550, 
551,  552 

—  notification  of  diseases  of,  556,  501 

—  number  of,  545 


Occupations,     paper-making,  and 
smallpox,  549 

—  paraffin-working,  and  skin  disease, 
548 

—  pulmonary  diseases  in,  from  parti- 
culate matter,  547 

 from  microbes  or  spores,  548 

—  pulmonary  phthisis  in,  552,  555 

—  protection  against  evil  effects  of ,  545 

—  poisonous  dust  and  vapours  in,  546 

—  rag-sorting  and  smallpox,  549 

—  smallpox  arising  from,  549 

—  sooty,  and  chimney  sweep's  cancer, 
548 

—  shoemaker's  chest  from,  546,  556 

—  wool-sorter's  disease  in,  548 

—  writer's  cramp  from,  546,  556 

—  in  confined  spaces,  546 

—  in  cramped  attitudes,  546,  556 

—  in  abnormal  atmospheric  pressures, 
549 

 caisson  disease,  549 

 compressed-air  illness,  549 

 symptoms  of,  549 

—  involving  muscular  system,  545 

—  involving  nervous  system,  545 
Odour  of  polluted  air,  114,  115 
Odour  of  waters,  211 

Odour  test  for  drains,  261 
Offensive  ditches,  law  as  to,  325,  340 
Offensive  trades,  516  e<  seq. 

—  bye-laws  respecting,  516,  518,  524, 
525 

—  inspection  of,  1 6 

—  law  respecting,  516 

—  procedure  to  estabUsh,  516 

—  procedure  against,  when  a  nuisance, 
518 

Offensiveness,  when  a  nuisance,  513 
Oil-cake  and  anthrax,  416 
Oil  as  illuminant,  163 
Oil-stoves,  158 

Open-air  treatment  of  phthisis,  427 
Opinion  of  qualities  of  waters,  219 
Ophthalmia,  343 

Order,     Sanitary  Accommodation, 
1903,  237 

—  Plague,  388 

—  Anthrax,  416,  566,  App.  I. 

—  Glanders  and  Farcy,  412,  413 

—  Foot-and-mouth  Disease,  414 

—  Cholera,  Plague,  and  Yellow  Fever, 
444,  464 

—  Rabies,  1892,  392 

—  Importation  of  Canine  Animals, 
1909,  392 

—  Importation  of  Dogs,  1901,  392 

—  Vaccination,  367 

—  of  L.  G.  B.  respecting  Public  Ana- 
lyst, 540,  543 

Organic  matter  in  air,  115 

—  Billings  on,  116 

—  tests  for,  153 
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Organic  matter  in  water,  218 

—  tests  for,  218 

Overcrowding   in  relation  to  space, 
513 

Overcrowding  and  disease,  348,  398 
Overcrowding  of  Iiouse,  when  a  nuis- 
ance, 513 

—  convictions  for,  513 

—  of  factory,  513 

—  of  schoolhouse,  513 
Oxychloride  method  of  sewage-puri- 
fication, 276 

Oxjrgen  in  air,  108 

—  effects  of  deficiency  of,  108 
Oxygen  in  water,  211 

Oxygen    Sewage  -  Purification  Co.'s 

method,  276 
Oxygen-consumed  test  in  waters,  218 

—  in  sewage-effluents,  293,  299,  300 
Oxy-tuberculin,  433 

Oysters  and  enteric  fever,  353 
Ozone  in  air,  109 

Pail-Closet,  legal  definition  of,  339 
Pan-Closet,  233 
Pandemic  disease,  344 
Paper-making  and  small-pox,  548-549 
Parasitic  diseases  and  water,  179 
Parafl8n-worker3  and  skin  diseases, 
548 

Paraformaldehyde,  453 
Parry  Laws  and  sewer-air,  267 
Particulate  matter  in  air,  110 

—  and  occupational  diseases,  110,  547 

—  examination  for,  111 

—  effects  of,  110,  547 

—  lands  of,  110,  547 
Pasteur-Chamberland  filter,  180,  183 
Pasteurisation  of  milk,  426 
Pathogenic  organisms  and  sewage- 
treatment,  289 

Pavilion  hospitals,  491 
Passengers  and  plague-infected  ships, 
443 

Peaty  soils,  and  water-supplies,  166, 
173,  192 

—  and  sewage-treatment,  290 

—  and  refuse-disposal,  305 
Peoples,  masculinity  of,  36 

—  movements  of,  26 
Percolating  filters,  286,  295 

—  depth  of,  296 

—  constituents  of,  286 

—  methods  of  feeding,  297 

—  malodorousness  of,  297 
Pestis  (see  Plague) 

Pottonkofer's  process  for  CO,  in  air, 
147,  151 

Phosphates  in  water,  estimation  of, 
214 

—  in  sewage,  274,  298 
Phosphorus     poisoning,  industrial 

notification  of,  561 


Phosphorus    and     Match  -  making 
Act,  565 

Phthisis,  pulmonary,  consanguinitj' 
in,  431 

— ■  —  administrative      control  of, 
427 

—  death-rates  from,  54,  56,  82,  430, 
431,  552,  555 

—  distribution  of,  431 

—  dust  and,  426,  547 

—  expectoration  and,  426 

—  in  Jewish  race  in  London,  431 

—  isolation  of  cases  of,  429 

—  notification  of,  426,  429 

—  occupations  and,  547,  559. 

—  propagation  of,  418,  426 

—  propinquity  and,  418 

—  prevention  of,  426 

—  prevalence  of,  431 

—  sanatoria  for,  427 

—  treatment  of,  429 

Physical  deformity  from  occupation, 
556  .  ^ 

Physical  examination  of  air.  111, 
.  145 

—  of  water,  210 
Physical  germicides,  446 
Physiological    effects    of  abnormal 

atmospheric  pressures,  100,  103, 
104 

Pigflesh,  imported,  537  ■ 
Pig-styes,  construction,  512,  522,^525 

—  cleansing  of,  512,  522,  525 

—  situation  of,  512,  522,  525 

—  bye-laws  concerning,  522,  525 
Pink-eye   of   horses   and  influenza, 

375 

Plague,  2,  343,  381 

—  and  fleas  and  other  insects,  383 

—  and  Local  Government  Board,  387 

—  and  lower  animals,  2,  3S3jj 

—  and  rats,  383 

—  and  ships,  443 

—  bubonic,  385 

—  Boccaccio  and,  2,  385 

—  climatic  factors  in,  387 

—  Convention  of  Venice  and,  440 

—  forms  of,  385 

—  geographical  distribution  of,  381 

—  historical  sketch  of,  381 

—  incubation-pei'iod  of,  387,  436 

—  infective-period  in,  437  j 

—  in  Glasgow,  386 

—  inoculation  against,  389 

—  micro-organism  of.  382 

—  modes  of  infection,  383,  387 

—  modes  of  spread.  387 

—  mortality  of,  382 

—  notification  of,  388 

— •  pneumonic  form  of,  385 

—  prevention  of,  387 

—  regulations  as  to,  388,  441 

—  serum-troatmont  of,  389 
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Plague,  sepfcicaemic  form  of,  385 

—  symptoms  of,  386 

—  types  of  attack,  385,  439 

—  vaccination  against,  389 
Plankton  in  waters,  186 

Plans   of   buildings,  bye-laws  con- 
cerning, 522,  527 
Plans  of  drains,  261 
Planning  of  sizes  of  sewers,  265 
Plenum  system  of  ventilation,  121,.  130 
Pleuro-pneumonia,  416 

—  notification  of,  417 
Plurabo-solvent   power    of  potable 

waters,  190 

—  causes,  191 

—  Houston  on,  192 

—  prevention  of,  194 
Pneum.atic  test,  258,  268 

—  apparatus,  261 

—  value  of,  260  \ 
Pneumococcal  infections,  380 
Pneumococcus,  381 
Pneumonia,  343,  380 

—  climatic  factors,  380 

—  death-rate,  54 

—  epidemic,  380 

—  infective  nature  of,  380 

—  in  Chicago,  381 

—  micro-organism  of,  380 
Pneumonic    symptoms    in  enteric 

fever,  351,  380 
— plague,  385 

Poisonous    dust    and    vapours  in 

occupations,  546 
Poisson's  formula,  77 
Polarite  sewage-treatment,  275 
Pot  ale  in  sewage,  284,  302 
Pollution  of  estuaries  and  shell-fish 

layings,  302 
Pollution  of  Rivers  Acts,  290,  308 
PoUution  of  rivers,  270,  290,  308 

—  law  respecting,  290,  308 
Pollution  of  tidal  waters,  292,  302 
Pollution  of  streams,  512 
Pollution  of  water-supplies,  174,  197, 

200,  205,  512 
Pollution  and  diseases,  175 
Pollution  and  sheep-dipping,  417 
Pollution  of  wells,  512 
Poor-law  Commission,  1832,  2 
Population,  ago-distribution  of,  32 

—  census  of  2,  23 

—  computation  of  intercensal,  27 

—  density  of,  26,  32 
 and  disease,  34 

—  estimation  of,  23,  27 

—  habits  of,  and  disease,  32 

—  incidence  of,  2G 

—  movements  of,  26,  106 

—  sex-distribution  of,  32 

Port  Local  Authority,  formation  of, 
466 

—  duties  of,  467 


Port  Inspector  of  Nuisances,  467 
Port  Medical  Officer  of  Health,  12, 
467 

—  visitation  of  infected  ships,  465 

—  disinfection  of  infected  ships,  465 

—  filthy  persons  oh  infected  ships,  465 

—  and  water-ballast  of  infected  ships, 
466 

—  and  drinking-water  of  infected 
ships,  466 

Port  Sanitary  Districts  and  Authori- 
ties, 466 

Porter-Clark  process,  187 

Potter,  and  the  census,  2 

Pouchet's  aeroscope.  111 

Poverty  and  typhus  fever,  348 

Pratique  of  ships,  443 

Precipitants  in  sewage-treatment,  273, 
294 

Precipitation  methods  of  sewage- 
purification,  273,  294 

—  sludge  from,  273 

—  sludge  analysis,  277 
Premises,  legal  definition  of,  512 
Preventable  diseases,  342  et  seq. 
Prevention  of  infantile-mortality,  48 
Preventive  medicine,  343 

Prisons  and  typhus  fever,  2 
Privies,  306 

—  when  a  nuisance,  512 

 bye-laws  concerning,  522,  527 

Privy-middens,  303 
Privy  pans,  307 
Privy-midden  system,  306 
•  Privy -midden,  cleansing  of,  340 

—  law  respecting,  327,  328,  337,  512 
Probable  error,  74,  76 

Producer  gas,  163 

Proof  spirit,  legal  definition  of,  542 
Propagation  of  infectious  disease,  437 
Prophylactic  medicine,  342 
Prophj'laxis  of  infectious  diseases,  439 

—  of  tuberculosis  in  bovine  animals, 
421 

Propulsion  or  plenum  ventilation,  121 
Psychrometftrs,  88 

—  sling,  89 

Pubhc  Health  (England)  Act,  1875,  4 

—  and  Burial  Boards,  577 

—  appointment  of  M.  O.  H.,  5 

—  regulations  concerning  duties  of,  6 

—  appointment  of  Inspector  of 
Nuisances,  13 

—  duties  of  Inspector  of  Nuisances,  14 

—  Law  as  to  Water-Supply,  201  et  seq. 

—  provision  of  water-supply,  201 

—  construction  of  water- works,  201 

—  construction  of  rowrvoirs,  201 

—  pressure  of  water  in  pipes,  202 

—  and  Watot-works  Clauses  Acts.  202 

—  supply  of  water  to  liouso,  202 

—  works  for  gratuitous  supply  of 
water,  202 
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Public  Health  (England)  Act,  1875, 
water  to  public  baths,  etc.,  202 

—  penalties    against    j)ollution  by 
gas-wa=!hings,  202 

—  pollution  of  water-courses,  202 

—  closure  of  polluted  wells,  202 

—  purchase  of  lands  and  water-mills, 
203 

—  Law  as  to  Sewers  and  Sewerage,  262, 
333  et  seq. 

—  definition  of  drain,  262,  333 

—  definition  of  sewer,  262,  333 

—  pollution  of  stream,  311 

—  power  to  purchase  sewers,  333 

—  vesting  of  control  of  sewers  in  L.  A., 
333 

—  power  to   construct   sewers  and 
works,  333 

—  cleansing  of  sewers,  333 

—  purification  of  sewage  before  enter- 
ing stream,  333 

—  map  of  sewers  to  be  provided,  333 

—  power  of  owners  to   drain  into 
sewers  of  L.  A.,  334 

—  use  of  sewers  by  owners  beyond 
district  of  L.  A.,  334 

—  enforcement  of  drainage  of  hoiise, 
334 

—  penalty  for  erecting  house  without 
drains,  334 

—  penalty  for  building  over  sewers 
and  under  streets,  334 

—  powers  to  dispose  of  sewage,  334 

—  powers  to  agree  for  use  of  sewers, 
334 

—  powers  as  to  land  used  for  sewage 
purposes,  334 

—  works  for  sewage  and  land  im- 
provement, 334 

—  notice  before  commencing  sewage 
works,  334 

—  sanction  of   L.  G.  B.  for  sewage 
works,  334 

—  inquiry  by  inspector  of  L.  G.  B., 
334 

—  incorporation  of  Towns  Clauses 
Act,  1847,  334 

—  power  to  borrow  on  sewage  land 
and  plant,  335 

—  formation  of  imited  sewerage  dis- 
tricts, 335 

—  prevention  of  injury  to  sewage 
works,  335 

—  navigation  authorities  empowered 
to  alter  sewers,  335 

—  and  P.  H.  Acts  Amendment  Act, 
336,  338 

—  Law   Concerning  Privies,  Water- 
closets,  etc.,  337  et  seq. 

—  penalty  on  building  houses  without 
privy  or  W.C.,  337 

—  powers   to   enforce   provision  of 
privy  or  W.C.,  337 


Public  Health  (England)  Act,  1875, 
provision  of  earth-closets,  337 

—  power  to  L.  A.  to  supply  dry  earth 
for,  337 

—  definition  of  earth-closet,  337 

—  privy  accommodation  for  factories, 
337 

—  provision  by  L.  A.  of  public  sanitary 
conveniences,  337 

—  drains  to  be  constructed  so  as  not 
to  be  a  nuisance,  338 

—  power  of  L.  A.  to  enter  premises 
for  drain  nuisance,  338 

—  Law  as  to  Scavenging  and  Cleansing, 
339 

—  power  to  compel  cleansing  of 
filthy  house,  329,  340 

—  L.  A.  to  provide  street  cleansing 
and  refuse-removal,  339 

—  cleansing  of  streets,  339 

—  watering  of  streets,  339 

—  penalty  on  L.  A.  for  neglect,  339 

—  power  to  make  bye-laws  for,  339 

—  bye-laws  for  cleansing  of  pave- 
ments, 339 

—  bye-laws  for  removal  of  house- 
refuse,  339 

—  bye-laws  for  cleansing  of  pri\ies, 
etc.,  339 

—  bye-laws  for  prevention  of  nuisance 
from  snow,  filth,  etc.,  339 

—  bye-laws  for  prevention  of  keep- 
ing of  animals,  etc.,  339,  340 

—  power  to  provide  receptacles  and 
buildings  for  refuse,  340 

—  penalty  for  allowing  stagnant 
water,  340 

—  penalty  for  allowing  soakage  or 
overflow  from  privy,  etc.,  340 

—  powers  to  cleanse  offensive  boim 
dary  ditches,  340 

—  powers  to  compel  removal  of 
accmnulations  of  filth,  340 

—  formation  of  Port  Local  Authority, 
466 

—  Law  Respecting  Infectious  Diseases, 
459,  469  et  seq. 

—  powers  regarding  disinfection  of 
premises  and  articles,  471 

—  powers  to  remove  persons  to 
hospital,  473 

—  powers  to  exact  costs  of  keep  of 
patient  in  hospital,  473 

—  powers  to  make  regulations  as 
to  removal  of  persons  to  hospital, 
473 

—  penalty  against  exposure  in  public 
of  infected  person,  474 

—  forbidding  carriage  of  infected 
person  in  public  conveyance, 
475 

—  power  to  provide  places  for  p.-m. 
oxarainntion  of  bodies,  480 


Public  Health  (England)  Act  Ts- 
povvers  of  L.  G  R  /,?      ,  ' 
lations  foiw  '^*^ke  regu- 

speedy  interment  of  dead  4si 
I'ouse  to  house  visitatfon  '  43/ 
provision  of  medical  aid?'48l 
other  cognate  matters.  4S* 
L^A.  to  execute  such  regulations. 
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-^power  of  entry  to  officers  of  L.  A.. 
«>mmon  lodging-house  conditions, 

foT  ^''P'^'^'^a  Isolation  Hospitals, 
~pSr506  P^""'^^  Hos- 

eof 

-  Was  to  statutory  Nuisances,  511, 

,&*:/So^-*--^f^oodsfor 
S,^;et^^f!l3t"~^«*' 

-^sanitary  and  other  provisions  of, 

~oCwa^^/3"3r"P*'^^ 

X^tlngfutrt^'-f"-' 

'  "tf  ng  put  into  aewer.s  3'?'; 

-  P^wer  of  L.  A.  to  enter  premises, 
"«owr,336'^-  ^'  *°  -'^-d-inaand 

Act  mtS  «^  ^-  H. 

definition  of  "  drain,"  330 

-Xry^'^rvti'^^-'^V^^^P^^'"'^ 
SnYenSl;^"-'^^ 

■Sr;  tnvoT^  P^r'-n  of 
'hops,  341  fo'-  work- 

f^i^l^pCa^r-^-P^^vyas 

2q 


Public     Health    Aet^i     a.,  j 
Act,  1890   Iw«  i„  Amendment 

-cleansing  of  common  courts,  etc., 
—  extension  of  P    w     a  ^ 

Pubhc    Health    Acts     Ar^  , 
Act,  1907  lam      r  ,  ^Pendment 

cesspools, 
—  testing  of  drains,  33C 
-closure  of  drains  and  cesspools, 
closure  of  wells,  336 

1875,338  °^  Act, 

"~mr&T  °'  H-  Act, 

-n-pjes^ts^^^'^^  *°     --^  - 

"~trsreTt3r''^^^^^'^^^°-jo-^ 

—  new  premises  and  elo^Pf 

modation,  338  accom- 
-^power  to  compel  provision  of  W.C., 

~t?of"'t39,°'  -ocommoda- 

-  definition  'of  pail-closet,  339 

—  definition  of  water-closet  i?^o 
-definition  of  slop-Soset  $39  ' 

~"Cr°^e.l39"^^"^''^   -  P"^'-- 

-  removal  of  urinals  when  a  nuisance, 

—  production  of  list  nf  c„i  7 
school,  461  scholars  m 

~cClr4iS,;r'S^"  of  -fective 

~tomS"4'^04*°  ''"^"'^^^         of  cus- 

—  and  books  from  library  and  in 
fectious  disease,  464  481 

—  and  infoetious  diseases,  459  469 

—  deansmg  of  filthy  articiesin  house, 

—  provision  of  temporary  shelter  for 
persons  exposed  fo  infection  471. 

~m"r."etr,  ^^i''-^''^^^"*^-  p- 

—  definition  of  tenement,  25  471 

—  forbids   sending  infected  nffJoi 
to  laundry,  472  ai  tides 
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Public  Healtli  Acts  Amendment 
Act,  1907,  and  recovery  of  costs  of 
maintenance  from  hospital  patients, 
473,  507,  508  . 

—  removal  of  persons  to  hospital,  473 

—  forbids  exposure  in  public  of  in- 
fected persons,  474 

—  forbids  infective  child  to  attend 
school,  461,  475 

—  forbids  carrying  infected  person  in 
pubUc  conveyance,  476 

—  powers  to  compel  dairyman  to 
furnish  list  of  farmers,  478 

—  powers  to  compel  dairyman  to 
notify  existence  of  infectious 
disease  among  employees,  478 

Pubhc  Health  Act,  1875,  as  to  reason- 
able cost  of  water-supplies,  203 
Pubhc  Health  (Water)  Act,  1878,  203 

—  Rural  Authority  to  require  suffi- 
cient water-supply  to  houses,  203 

—  right  of  appeal  of  owner  to 
L.  G.  B.,  203 

—  houses  not  to  be  built  or  re-erected 
without  water-supply,  203 

—  R.  A.  to  inquire  as  to  water-supply, 
203 

—  cost  of  providing  water  to  houses, 
203 

Pubhc  Health  (Interments)  Act,  1879, 
577 

Pubhc  Health  (London)  Act,  1891, 
removal  for  burial  from  hospital 
of  infective  body,  462,  478 

—  letting  for  hire  of  infective  pre- 
mises, 462,  472 

—  exposing  infective  articles,  463 

—  examination  of  persons  in  sus- 
pected dairy,  463,  477 

—  examination  of  cows  in  suspected 
dairy,  463,  477 

—  disinfection,  etc.,  of  infected 
articles,  470 

—  powers  to  disinfect  premises,  470 

—  powers  to  compel  giving  up  articles 
for  disinfection,  472 

—  forbids  casting  infective  matter  in 
ash-pits,  472 

—  penalty  on  false  statement  in 
letting  for  liire  infected  premises, 
473 

—  penalty  for  not  disinfecting  house 
let  on  hire,  473 

—  power  to  detain  persons  in  hospital, 
473 

—  penalty  for  exposing  infective 
person  in  public,  474 

—  forbids  infective  persons  from 
milking,  etc.,  475 

—  forljid.s  carrriage  of  infective  person 
in  public  conveyance,  476 

—  removal  of  infective  dead  body  to 
mortuary,  478,  576 


Public  Health  (London)  Act,  1891, 
public  conveyance  carrying  in- 
fective person  to  be  disinfected,  479 

—  removaLand  transport  of  infective 
dead  bodies,  479,  480 

—  provision  of  place  for  p.-rn.  ex- 
amination of  bodies,  480 

Pubhc  Health  (Ireland)  Act,  1879, 
and  water-supplies,  210 

—  and  Lands  Clauses  Acts,  210 

—  and  Working  Classes  Act,  1890,  210 

—  prevention  of  epidemic  disease,  482 

—  and  disposal  of  dead,  581 
Pubhc  Health  (Scotland)  Act,  1897,  3 

—  duties  of  M.  O.  H.,  10,  12 

—  appointment  of  sanitary  inspector, 
13 

—  duties  of  sanitary  inspector,  14 

—  regulation  of  duties  of  sanitary 
officers,  19 

—  returns  from  registrars,  23 

—  Law  respecting  water-supplies,  204 
et  seq. 

—  L.  A.  to  require  owner  to  provide 
water  for  houses,  204 

—  duty  of  L.  A.  to  provide  water- 
supply,  204 

—  L.  A.  may  acquire  supply  for 
domestic  and  sanitary  purposes,  204 

—  purchase  of  water,  204 

—  L.  A.  may  dig  wells  or  make 
reservoirs,  204 

—  L.  A.  may  provide  water  for  public 
baths,  etc.,  205 

—  L.A.  may  provide  water  gratis  for 
pubhc  fountains,  205 

—  power  to  carry  water-mains,  205 

—  prevention  of  pollution  of  wat«r 
by  products  of  manufacture,  205 

.  —  Local  Authorities  may  combine  for 
water-supply,  205 

—  special  water-supply  districts,  205 
 procedure  for  formation  of,  206 

—  and  Water-Works  Clauses  Acts,  207 

—  and  Railway  Clauses  (Scotland) 
Act,  207 

—  power  to  purchase  lands  for  water, 
207 

—  Law  as  to  Drains  and  Sewers,  316  ei 
seq. 

—  plans  of  drains,  261 

—  provision  as  to  drains  and  new 
buildings,  261 

—  pollution  of  streams,  311,  317_ 

—  control  of  sewers  by  L.  A.,  315 

—  power  to  purchase  sewers,  315 

—  power  to  construct  sewers,  315 

—  construction  of  sewage  works 
outwitli  district,  315 

—  and  inquiry  by  L.  G.  B.,  316 

—  power  to  utilise  sewage,  316 

—  power  of  entry  for  sewerage  works, 
316 
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Public  Health  (Scotland)  Act,  1897, 
power  of  owTier  to  drain  into  sewer, 
31G 

—  use  of  sewers  by  owner  outwith 
district,  316 

—  penalty  for  imauthorised  drains, 
317 

—  estimate  to  be  taken  for  sewer 
works,  317 

—  prevention  of  erection  of  buildings 
over  sewer,  317 

—  trapping  of  drains  and  sewers,  317 

—  distilleries  and  deposit  of  refuse, 
317 

—  prohibition  of  interruption  of  flow 
of  sewage,  317 

—  prohibition  against  placing  carcase 
in  water,  317 

—  provision  for  discharge  of  drains 
below  low-water  level,  317 

—  drainage  of  houses,  etc.,  317 

—  power  to  combine  for  sewerage 
purposes,  318 

—  special  drainage  districts,  318 
 procedure  in  formation  of,  318 

—  drains  as  a  nuisance,  324 

—  foul-smelling  drain  in  schoolhouse, 
etc.,  a  nuisance,  324 

—  power  of  L.  A.  to  enter  premises  to 
open  drains,  324 

—  foul  ditches  replaced  by  sewers,  325 

—  power  to  cleanse  oflensive  boun- 
dary ditches,  325 

—  bye-law  making  for  drainage  of 
site  subsoil,  325 

—  bye-law  making  for  drainage  of 
houses,  325 

—  bye-law  making  for  examination  of 
drains  of  new  houses,  325 

—  special  scavenging  district  com- 
mittees, 330 

—  Law  relating  to  Infectious  Diseases, 
459,  409  et  seq. 

—  notification  of  infectious  diseases, 
439,  459,  409 

—  I'emoval  of  inhabitants  from  in- 
fected area,  439,  407,  469 

—  removal  of  infective  dead  body 
from  hospital,  401,  402,  478 

—  transportation  of  infective  dead 
body, 401,  480 

—  interment  of  infective  dead  body, 
402,  479 

—  "  waking  "  bodv  of  infective  dead, 
402,  474,  572 

—  letting  for  hire  of  infected  room, 

402,  472 

—  pentilty  for  false  statements  anent 
infected  room,  472 

—  expoHiiig,  transmitting,  etc.,  in- 
fective clothing,  403,  474 

—  disinfection   of  infected  articles, 

403,  470 


Public  Health  (Scotland)  Act.  1897 
laundries  to  furnish  list  of  cus- 
tomers, 403,  472 

—  casting  infective  matters  into  ash- 
pit, 463,  472 

—  examination  of  persons  in  sus- 
pected dairy,  463,  476 

—  examination  of  cows  in  suspected 
dairy,  463,  476 

—  examination  of  cows,  etc.,  by 
outside  L.  A.,  463,  470 

—  dairyman  to  furnish  list  of  cus- 
tomers, 404,  474 

—  dairyman  to  furnish  list  of  farmers, 
478 

—  control  of  L.  A.  over  ships,  406 

—  provision  of  reception  houses,  407, 
470 

—  powers  of  entry  of  M.  O.  H.  to 
examine  for  infectious  diseases,  469 

—  powers  of  entry  to  disinfect  pre- 
mises, 470 

—  L.  A.  to  pay  compensation  for 
articles,  470 

—  definition  of  house,  471 

—  infective  articles  to  be  handed  to 
L.  A.  for  disinfection,  472 

—  penalty  on  failure  to  disinfect 
house  let  on  hire,  473 

—  removal  of  infectious  person  to 
hospital,  473 

—  detention  of  infected  person  in 
hospital,  474 

—  penalty  against  exposure  in  public 
of  infectious  person,  474 

—  penalty  against  trafficlcing  in  in- 
fected articles,  463,  474 

—  penalty  against  sending  infective 
child  to  school,  474 

—  penalty  against  teacher  permitting 
infective  child  to  attend  school,  475 

—  forbids  infective  person  milking 
animals,  etc.,  475 

—  forbids  carriage  of  infective  person 
in  public  conveyance,  475 

—  disinfection  of  such  conveyance, 
475,  479 

—  unburied  bodies  to  be  removed 
to  mortuary,  462,  478,  572 

—  power  of  L.  A.  to  make  bye-laws 
for  cleanliness  of  public  convey- 
ances, 479 

—  power  to  enter  and  inspect  sus- 
pectetl  infective  premises,  469 

—  conveyance  of  infected  persons  to 
hospital,  479 

—  provision  of  juortuary,  479 

—  power  to  remove  infective  dead 
body  to  mortuary,  479 

—  Burial  Oroutids  (S(;()tland)  Act, 
1855,  and  provision  oi  inortiiarios. 
479 

—  power  to  order  burial,  480 
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Public  Health  (Scotland)  Act,  1897, 
provision  of  place  for  p.-m.  ex- 
amination of  bodies,  480 

—  powers  of  L.  G.  B.  for  prevention  of 
epidemic  disease,  481 

—  powers  of  L.  G.  B.  to  make  regu- 
lations for  speedy  internient  of 
the  dead,  481,  572 

—  house-to-house  visitation,  481 

—  provision  of  medical  aid,  481 

—  promotion  of  cleansing,  ventilation, 
and  disinfection,  481 

— -prevention  of  disease,  481 

—  L.  A.  to  execute  regulations  of 
L.  G.  B.,  482 

—  power  of  entry  of  officers  of  L.  A., 
482 

—  L.  G.  B.  may  combine  Authorities, 
482 

—  overcrowded  houses  to  be  treated 
as  common  lodging-houses,  482 

—  regulations  in  operation  in  ports 
and  ships,  482 

—  luiiformity  of  regulations  in  United 
Kingdom,  482 

— •  Law  Relating  to  Isolation  Hos- 
pitals, etc.,  509 

—  power  to  provide  hospital  for  in- 
fectious diseases,  509 

— ■  power  to  provide  reception  houses, 
509 

—  power  to  provide  reception  houses 
for  convalescents,  509 

—  power  to  provide  reception  houses 
for  those  exposed  to  infection,  509 

—  power  to  build  or  contract  for  use 
of  hospitals,  509 

—  power  to  provide  medical  atten- 
dance and  nursing  in  lieu  of  hos- 
pital, 509 

—  Local  Authorities  may  combine. 
510 

—  site  and  plans  of  proposed  hospital 
to  be  approved  by  L.  G.  B.,  510 

—  power  to  provide  portable  hos- 
pitals, 510 

—  Law  relating  to  Nuisances,  511  et  seq. 

—  definition  of  house,  471,  513 

—  power  to  L.  A.  to  initiate  proceed- 
ings under  Burial  Grounds  (Scot- 
land) Acts,  1855,  515,  574 

—  premises,  when  a  nuisance,  511 

—  definition  of  premises,  512 

—  street,  ditch,  privy,  ash-pit,  Avhen 
a  nuisance,  512 

—  well  or  water-supply,  when  a  nuis- 
ance, 512 

—  stable  or  building,  when  a  nuisance. 
512 

—  accumulation  or  deposit  of  manure, 
when  a  nuisance,  512 

—  work  or  manufactorj',  when  a 
nuisance,  513 


Public  Health  (Scotland)  Act,  1897, 
overcrowding  of  house,  when  a 
nuisance,  513 

—  schoolhouso  or  factory,  when  a 
nuisance,  513 

—  smoke  from  furnace,  when  a 
nuisance,  514 

—  churchyard,  etc.,  when  a  nuisance, 
514 

—  procedure  in  ea3es  of  nuisance,  515 

—  regulations  by  L.  A.  as  to  informa- 
tion from  police  as  to  nuisances,  523 

—  Law  relating  to  Offensive  Trades, 
516  e<  seq. 

—  power  to  make  bye-laws  for,  521, 
522 

—  power  to  make  regulations  by  L.  A. 
as  to  duties  of  M.  O.  H.  and  S.  I. 
and  relations  to  each  other,  19, 
523 

—  respecting  information  as  to  nuis- 
ances by  police,  523 

—  as  to  management  of  mortuaries, 
523  . 

—  as  to  communication  between 
drain  and  sewer,  523 

— ■  provision  as  to  regulations  bv  L.  A., 
523 

—  evidence  as  to  bye-laws,  523 

—  printing  of  bye-laws,  523 

—  authentication  of  bye-laws,  522 

—  provision  for  penalties  in  bye- 
laws,  522 

—  bye-laws  under,  by  Local  Authori- 
ties, 525 

—  examination  of  foods  as  to  sound- 
ness, etc.,  529 

PubUc  Health  (Scotland)  Amend- 
ment Act,  1907,  amendment  of 
P.  H.  (Scot.)  Act,  as  to  infective 
child  attending  school,  475,  480 

 as  to  infective  persons  milking 

animals,  etc.,  475,  480 

—  conveyance  of  infected  person  in 
public  conveyance,  470 

Public  Health"  (Regulations  as  to 
Food)  Act,  1907,  535 

—  (Unsound  Food)  Regulation.? 
(Scotland).  1908,  536 

—  (Foreign  Meat)  Regulations  (Scot- 
land), 1908,  530 

Puerperal  Fever,  343,  .379 

—  and  house-di-ains,  379 

—  and  Notification  Act,  379 

—  and  Midwives  Act,  379 

—  and  Registration  Act,  379 

—  death-rate  from,  54 

—  disinfection  in,  452 

—  incubation-period  of.  379 

—  micro-organism  of,  379 
Pulmonary  diseases  and  impure  air, 

1 10,  547 

—  and  industrial  dust,  547 
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Pulmonary  complications  in  whoop- 
ing-cough, 374 

Puhuonary  phthisis,  causes  of,  418, 
42(),  431 

—  mortaUty  from,  54,  56,  82,  430 
 in  occiipations,  532,  552 

—  notification  of,  426,  429 

—  prevention  of,  426,  428 
Pulex  cheops,  384 

—  felis,  384 

—  irritans,  384 

Piu-chase  of  water  rights,  197 
Purification  of  air,    128,   131,  140, 
141,  431 

—  of  water,  182,  183,  185,  186,  187 

—  of  sewage,  270  et  seq. 

—  of  trade -effluents,  291 
Public  Analyst,  540,  543 

Quadratic  mean,  77 
Qualities  of  waters,  219 
Quantity  of  air,  116,  118 

—  of  water,  188 
Quarantine,  1,  440 

—  Act  of,  2 

—  Convention  of  Venice  and,  440 

—  United  States  of  America  and,  444 

—  Venetian  law  of,  2 
Quartan  fever,  407 
Quetelet's  rules,  74 
Quinine  in  malaria,  211 
Quotidian  fever,  407 

Rabies,  343,  391,  417 

—  climatic  factors  in,  391 

—  incubation-period  in,  436 

—  Importation  of  Dogs  Orders,  392 

—  muzzling  orders,  392 

—  notification  of,  417 

—  treatment  of,  391 
Radiant  heat,  155 
Radiators,  158 

Radicke's  quadratic  mean,  76 

—  successive  means,  76 
Rags  and  plague,  442 
Rag-sorting  and  smallpox,  549 
Rainfall,  90  el  acq. 

—  amounts  of  local,  91 

—  causes  of,  91 

—  estimation  of,  91 

—  in  British  Islands,  91 

—  water-supply  and,  90,  166 
Rain-gauges,  90 

—  dimensioiiM  of,  91 

—  kinds  of,  90 

—  position  of,  90 
Rain-water  conductors,  232,  522 

—  and  soil-pipe,  338 
Rain-water  tanks,  171 
Rat,  kinds  of,  3S4 
Rats  and  fleas,  384 

—  and  spread  of  plague,  383 

—  and  ships,  388  ^ 


Rats  and  water-pipes,  195 

—  extermination  of,  387,  388,  389 
Reception  houses,  444,  467 

—  construction  of,  468 

—  law  respecting,  467 
Reck  system  of  heating,  160 
Recorded  death-rate,  40 
Reeve's  filters,  186 
Refuse-depot?,  when  a  nuisance,  512 
Refuse-disposal,  303  ct  .leq. 

—  depots,  300 

—  destructors,  304 

—  modes  of,  303 

—  law  respecting,  308,  310,  328,  329, 
330,  339,  525 

—  works,  330 

Refuse-removal,  law  as  to,  328,  337 
Registrar-General  and  Census,  23 
Regulations,  definition  of,  527 
Regulations,    power    to    make,  by 

Local  Authorities,  523,  527 
Regulations    by  Local  Government 

Board  as  to  Cholera,  Plague,  and 

Yellow  Fever,  444 

—  as  to  Plague,  440 

—  as  to  Food  Act,  4,  535  et  seq. 

Regulations  by  Home  Office,  con- 
cerning dangerous  and  imhealthy 
trades,  557 

—  by  Board  of  Agriculture,  etc.,  as 
to  milk  and  butter  standards,  543 

Relapsing  fever,  343 

—  climatic  factors  in,  351 

—  incubation-period  of,  436 

—  laundries  and,  351 

—  overcrowding  and,  351 

—  micro-organism  of,  351 
Removal  of  refuse,  303 

—  law  as  to,  328  et  seq.,  331,  339,  525 
Reports,  Sanitary,  of  medical  officer 

of  health,  20,  22 

 of  sanitary  inspector,  19 

Reservoirs,  166,  188 

—  as  water-supplies,  166,  189 

—  calculation  of  dimensions  of,  167 

—  formation  of,  1 6(5 

—  rainfall  and,  166 

—  size  of  catchment  area  and,  160 
Respiration,  effects  of,  on  air,  1 14 
Respiratory  diseases,  causes  of,  110, 

547 

—  industrial  conditions  and,  547 

—  deatli-rates,  57,  82 
Re-vaccination,  3()9 
Regnault's  liygrometer.  88 
Rhones,  232,'  252 

—  byo-laws  as  to,  527 

Ribblo  Joint  Rivers  Committee,  292 
Ridoal-VValkor  co-efficient.  456 
Rivers  Autliority,  290 
Rivers  as  sources  of  water-supply,  1 05 

—  character  of  waters  from,  166 
Rivers  Boards,  formation  of,  292 
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and 


127 


453 


of. 


Rivers  Pollution  Commissioners 
water-supplies,  173,  174       ,  -  .  , 

Rivers  Pollution   (Prevention)^  Act, 
187G,  290,  308  . 

 and  putting  manufacturing  and 

mining  effluents  into  streams,  308 

—  and  sewage  pollution,  308 

—  and  solid  matters,  308 

—  and  traders'   rights  for  putting 
effluents  into  sewers,  309 

—  decisions  of  law  courts  under,  309 

—  inspector  appointed  under,  309 

—  definitions  of  stream,  solid  matter, 
and  polluting  matter,  310 

Rivers  Pollution    (Prevention)  Act, 

1895,  310 
Roberts'  separator,  171 
Roof-ridge  ventilation, 

—  cowls  in,  127,  129 

—  mechanism  of,  127 

—  principles  of,  127 
Rooms,  disinfection  of, 

—  air  of  occupied,  453 

—  cu-bic  space  of,  113 

—  floor  space  of,  112,  114 

—  infective,  and  letting  for  hire 
462,  472 

Rotheln,  343 

—  disinfection  in  cases  of,  451 

—  incubation-period  of,  436 
"  Roup  "  in  fowls,  376 
Royal  Sanitary  Commission,  3 
Roux's  plague-serum  or  vaccine,  389 
Ruchill  Hospital,  Glasgow,  488,  489, 

491,  492,  497,  498 

—  beds  per  acre,  489 

—  plans  of,  488,  499 

—  heating  of,  500 

—  Hghting  of,  499 

—  ventilation  of,  500 

—  wards  of,  499 

—  ward-spaces  of,  499 
Rural  death-rates,  59 

Rusting  compositions  and  effects  on 
air,  108 

Royal  Commission  on  Sewage  Dis- 
posal, 289  et  seq. 

—  on  chemical  precipitation,  294 

—  on  administrative  Board,  291 

—  on  land-treatment,  290 

—  on  law  as  to  trade-effluents,  291 

—  on  filter-beds,  295,  296 

—  on  oxygen  tost  of  effluents,  293 

—  on  pollution  of  rivers,  200 

—  on  pollution  of  tidal  waters,  292 

—  on  purification  of  trade-effluents, 
291 

—  on  processes  of  treatment,  292 

—  on   Rivers    Pollution    Acts  and 
trade  effluents,  290 

—  on  rivers  joint  committees,  290 

—  on  formation  of  rivers  Authoritj', 
290,  292 


Royal   Commission   on  septic-tank 
sludge,  294 

—  on  removal  of  suspended  matters, 
293 

—  on  distillery  effluents,  303 

—  on  sludge-disposal  and  treatment, 
299 

—  on  standards  of  effluents,  299 

—  on  sewage  farms,  298 

—  reports  of,  289 

Royal  Commissions  on  Tuberculosis, 
419,  422 

Royal  Commission  on  Vaccination, 
364 

—  findings  of,  364 

—  on  conscience  clause,  369 

—  on  re-vaccination,  364 
Russia  and  vaccination,  365 

S-TRAP,  251,  252 

Sale  of  Butter  Regulations,  1902,  543 
Sale  of  Milk  Regulations,  1901,  543 
Sale  of  Horseflesh  Regulations  Act, 
1889,  532 

—  provisions  of,  532  et  seq. 

Sale  of  Food,  law  relating  to,  529  et 


seq. 


4,  512, 


Sale  of  Food  and  Drugs  Acts, 
538,  539,  540.  541 

—  Act,  1875,  532,  538 

—  (Amendment)  Act,  1879,  541 

—  Act,  1899,  532,  542 

—  offences  under,  539 

—  procedure  on  purchase  of  samples, 
540 

—  penalty  on  refusal  to  sell  samples, 
540 

—  analysis  and  Analyst's  certificate, 
540 

—  appointment  of  Analyst  by  L.  A., 
540,  543 

—  analysis  at  Somerset  House,  541 

—  written  warranty  as  a  defence,  541 

—  provisions  regarding  tea,  541 

—  provisions  regarding  delivery  and 
sale  of  milk,  541 

—  provisions     regarding  alcoholic 
liquors,  541 

—  insufficient  marking  of  imported 
foods,  542 

Salmon  Fisheries  (Scotland)  Acts  and 

pollution  of  streams,  310 
Sanarelli  and  yellow  fever  organism. 

350 

Sanatoria  and  puhnonary  phthisis, 
427,  429 

Sanitary  Accommodation  Order,  1903, 
207 

Sanitary  Accommodation  in  factories 

and  workshops,  237,  559 
Sanitary  areas,  disposal  of  refuse  in, 

303,  305 

—  drainage  of,  20,  265 
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Sanitary  areas,  geology  of,  20,  173 

—  meteorology  of,  20 

—  sewerage  of,  315 

—  sewage-purification,  270 

—  water-supplies  of,  165 
Sanitary  conveniences,  public,  law  as 

to,  341 

—  in  workshops,  237,  241,  559 
Sanitary  efficiency  of  dweUings,  269 
Sanitary  fittings,  226 

Sanitary  inspector,  appointment  of,  13 

—  duties  of  14, 

—  and  foods  examination,  529 

—  regulations  as  to,  19,  523 

—  reports  of,  19 

—  relation  to  M.  O.  H.,  19,  523 
Sanitary  Law  (see  Law) 

Sanitary  provisions  in  bakehouses,  559 
Sanitary  reports,  10,  19,  20 
Sanitary  sub-officer,  14 
Sanitary  science,  5,  342 
Sarcopsylla  gallinacea,  384 
Sarcosporidia,  407 
Saturation-point,  87 
Saussure's  hygrometer,  90 
Scarlet  fever,  343,  345 

—  attack-ages,  58 

—  cUmatic  factors  in,  345 

—  death-rates,  54,  55,  56,  347 

—  disinfection  in,  451 

—  incubation-period  in,  436 

—  infective  matter  of,  435 

—  infective  period  of,  437 

—  hospital  isolation  and,  348 

—  Hendon  disease  and,  345 

—  mortahty-rates,  54,  347 

—  milk  and,  345 

—  micro-organism  of,  347 

—  return  cases  of,  348 

—  types  of,  347 
Scavenging,  303 

—  law  respecting,  328,  339 

—  districts,  formation  of,  329,  330 
Schools  and  air-spaces,  114 
Schools  and  epidemic  diseases,  377 

—  law  respecting,  461,  474,  475 
Schoolhouse,  when  a  nuisance,  513 
Scirocco  fan,  133 

Scotland  and  vaccination,  368 
Scott-Moncrieff  method  of  purifying 

sewage,  286 
Scurvy  in  ships,  2,  342 

—  and  Captain  Cook,  2 
Sedimentation  in  water-storage,  184 

—  in  sewage  purification,  280,  282, 
293,  295 

Seizure  of  foods  for  unsoundness,  528, 

529,  530 
Septicaemic  plague,  385 
Septic-tank,  280,  293 

—  action  of  microbes  in,  281 

—  closed,  280,  294 

—  deposit  in,  288,  293 


Septic-tank,  gases  formed  in,  281,  293 

—  open,  280,  294 

—  scum  in,  280 

Serum  diagnosis  of  enteric  fever,  359 
Serum  treatment  of  cerebro-spinal 
meningitis,  404 

—  of  diphtheria,  57,  377 

—  of  leprosy,  391 

—  of  plague,  389 
Sewage,  character  of,  271 

—  composition  of,  271,  292 

—  disposal  of,  270,  292 

—  domestic,  271 

—  distributors,  286,  297 

—  ejector  (Shone's),  263 

—  farms,  272,  298 

 and  water-supplies,  197,  298 

—  hydraulic  mean  depth,  264 

—  irrigation,  surface  or  broad,  271 

—  from  manufactures,  271 

—  municipal,  271 

—  sludge  from,  277,  279 
 treatment  of,  277,  299 

—  sprinklers,  286,  297 

—  and  storm-water,  288 

—  and  water-suppHes,  197,  298 

—  velocity  of,  264 

■  —  Yeovil,  283,  284 
Sewage-effluents,  273,  283,  284,  287, 
293,  296,  298,  299,  302,  303 

—  and  bacteria,  290,  293 

—  and  fish-life,  303 

—  and  nitrogen,  285,  298 

—  and  phosphates,  274,  298 

—  standards  of,  299,  302 
Sewage-filters,  276,  286,  295 

—  clinker,  296 

—  coal,  287 

—  coke,  296 

—  contacfc-beds,  295 

—  Ducat,  286,  293 

—  Dibdin's  slate,  296 

—  percolating,  295,  296 

—  Stoddart's  coarse,  286 

—  materials  for,  283,  296 

Sewage  -  purification,  artificial 
methods,  271 

—  by  Amines  process,  277 

—  by  broad-irrigation,  271 

—  by  A.B.C.  process,  274,  294 

—  by  bacterial  methods,  279,  294 

—  by  Candy's  method,  286, 

—  by  chemicals,  273,  294 

—  by  coal,  287 

—  by  Dibdin's  method,  296 

—  by  Ducat's  method,  286,  293 

—  by  Hill6's  process,  276 

—  by  intonnittent  downward-filtra- 
tion, 275,  294 

—  by  forrozone  method,  275,  294 

—  by  iron  processes,  275,  294 

—  by  lime  processes,  273,  294 

—  by  lime  and  alumina,  273,  204 
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Sewage-purification,  by  lime  and  iron, 
273,  275 

—  by  magnesium  salts,  273 

—  by  electrolytic  process,  275 

—  by  Scott-Moncrieff  process,  280 

—  by  Stoddart's  method,  280 

—  by  sewage-farm,  272,  298 

—  by  natural  methods,  271 

—  by  precipitation,  273,  294 

—  by  oxy-chloride  system,  276 

—  by  manganate  of  soda,  277 

—  by  sprinklers,  285,  297 

—  Roj^al  Commission  on,  292 
Sewage   treatment   and  pathogenic 

microbes,  289 

—  and  storm-water,  288 
Sewer,  definition  of,  262 

—  and  drain  communication,  regula- 
tions as  to,  523 

Sewer-air  and  gases,  266  et  seq. 

—  composition  of,  266 

—  microbes  in,  266 

—  and  enteric  fever,  355 

—  and  lead-pipe  corrosion,  243 
Sewerage  systems  of  sanitary  areas,  20 

—  Arad,  263 

—  Brighton,  263 

—  Cape  Town,  263 

—  Eastbourne,  263 

—  Rangoon,  263 

—  Southampton,  263 

—  Warrington,  263 

—  Yeovil,  284 

Sewers  and  sewerage,  law  respecting, 

315,  333 
Sewers,  construction  of,  262 

—  contents  of,  262,  308,  335 

—  calculation  of  discharge  in,  264 

—  calculation  of  flow  in,  263 

—  definition  of,  262 

—  fall  or  gradient  in,  263 

—  law  respecting,  262,  315,  333 

—  planning  of,  265 

—  requirements  of  L.  G.  B.  and,  265 

—  shape  of,  262 

—  street-washings  and,  306 

—  velocities  of  flow  in,  263 

—  ventilation  of,  257,  265 
Sexes,  birth-rates  of,  36,  51 

—  death-rates  of,  39,  51,  52 

—  and  epidemic  diseases,  53 
Sheep-pox,  416,  417 

—  notification  of,  417 
Sheep-scab,  416,  417 

—  notification  of,  417 
Sheep-dipping,  417 

—  and  pollution  of  streams,  417 
Shell-fisli  and  enteric  fever,  272,  353 
Slieringham  valvo,  125,  496 

Ships  and  Port  Sanitary  Authority, 
12,  466,  407 

—  and  Plague,  Cholera,  and  Yellow 
Fever  Regulations,  441,  443,  464 


Ships   and   plague-susceptible  mer- 

cliandise,  442 
— ^  and  U.S.A.  quarantine,  444 

—  and  Convention  of  Venice,  440 

—  and  Port  medical  officer,  12,  464 

—  and  Customs  officer,  12,  464 

—  bilge-water  of,  444,  464 

—  dangeroias  infectious  diseases  and, 
12,  440,  464 

—  disinfection  of,  442,  445,  465 

—  infectious  dead  bodies  and,  465 

—  infected,  443 

— •  infected,  and  anchorage,  444 

—  persons  on,  460,  461 

—  overcrowding  of,  12 

—  inspection  of,  12,  440 

—  ventilation  of,  2 

—  water-suppUes  of,  444,  464 
Shoemaker's  sternum,  546,  556 
Shone  system  of  sewerage,  263 
Siemens'  gas-burners,  163 

"  Sincup  "  in  fowls,  377 
Sinks,  kitchen  and  pantry,  230 

—  construction  of,  230 

—  traps  of,  230 

—  when  a  nuisance,  512 
Siphon  barometer,  94 
Siphonage  of  traps,  254 

—  causes  of,  254,  255 

Sites  suitable  for  cemeteries,  582 
Skinner,  516 

Slaughterer  of  cattle,  516 
Slaughterer  of  horses,  516 

—  definitions  of,  517 

—  bye-laws,  524 

Slaughter-houses,  law  respecting,  517 

—  licensing  of,  517 

—  inspection  of,  16 
Slaughter-house  ofEal,  303 
Slop-closets,  239,  241 

—  law  respecting  provision  of,  338 

—  legal  definition  of,  339 
Sludge-disposal,  277,  299 

Sludge  in  sewage-treatment,  273,  291 

—  in  septic-tank,  288,  294 

—  composition  of,  277 

—  nitrogen  value  of,  277 

—  treatment  of,  274 

—  extraction  of  grease  from,  299 

—  destructive  distillation  of,  299 

—  deposition  in  sea  of,  299 

—  pressing  of,  273,  299 

—  burning  of,  299 
Smallpox,'^  363 

—  aerial  convection  of,  370,  489,  498 

—  disinfection  in,  451 

—  death-rates  from,  54,  55,  57,  58 

—  climatic  factors  in,  344 

—  incubation-period  of,  436 

—  infectivity  of,  435 

—  infective  matter  in,  451 

—  micro-organism  of,  363 

—  period  of  infectivity,  437 
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Smallpox  in  Germany,  364 

—  in  other  foreign  countries,  364 
Smallpox    and   vaccination,    2,  57, 

364,  367,  308,  369 
Smallpox  and  industrial  origin,  549 
Smallpox  and  inoculation,  2 
Smallpox     epidemics     and  aerial 

spread,  370,  435,  489,  498 
Smallpox   hospitals,   370,   435,  489, 

494,  498,  510 

—  cost  of,  370 

—  convection  of  smallpox  and,  370, 
435,  489.  498 

—  contiguitv    of    population  and, 
435,  486,  489 

Smith's  test  for  CO.,  145 
Smoke-testing  of  drains,  259,  268,  336 

—  machines,  "258,  259 

—  mode  of  using,  259 

—  value  of,  260 

Smoke  as  a  nuisance,  law  respecting, 
514 

Smoke  Nuisance  Abatement  (Scot- 
land) Acts,  1857-1861,  514 
Snowdon  rain-gauge,  90 
Soap-boiler,  516 
Softening  of  water,  187 

—  processes  for,  187 

Soil  and  enteric  fever,  355 

—  and  plague,  387 

—  and  tetanus,  405 

Soils  and  sewage-treatrnent,  290 

—  sviitable  for  cemeteries,  582 
Soil-pipe,  construction  of,  241 

—  composition  of,  241 

—  law  respecting,  326,  338 

—  bye-laws  respecting,  522,  527 

—  position  of,  241 

—  trapping  of,  242 

—  sewer-gases  and,  243 

—  ventilation  of,  242 

—  junctions  with,  257 
Soil-pipe  system,  232  et  seq. 

—  chimneys  and,  231 

—  windows  and,  231,  242 

—  rain-conductors  and,  338 

—  law  in  burghs  respecting,  326 
Soot  and  cancer,  548 

Sources  of  infective  matter,  435,  438 
Southampton  sludge-disposal,  299 
Space  and  overcrowding,  513 

—  cubic,  112 

—  superficial,  1 12 

Space    around    buildings,  bye-laws 

concerning,  522,  527 
Spaces  in  houses,  113 

—  in  hospitals,  112,  502 

—  in  schools,  112 

—  in  workshops  and  factories,  113, 
513,  558,  559 

—  cubic  required  by  law,  113,  513,  558 

—  for  air-supply  of  man,  1 12 

—  for  air-aupply  of  animals,  136,  137 


Spaces  for  gi-aves,  580,  583 

—  for  graveyards,  583 
Spasmotoxine,  405 

Special  drainage-district,  procedure 
in  formation  of,  318 

—  law  respecting,  318,  319,  323 
Special  water-district,  205 
Special  scavenging-district,  329 
Specific  intensity  of  life,  81 
Spectroscopic  test  for  CO,  153 
Spalangi,  414 

Splenic  fever  (see  Anthrax) 
Spirillum  Obermeieri,  351 
Sporozoa,  407 
Spotted  fever,  343,  392 
Springs  as  water-supplies,  168 

—  polluted,  and  enteric  fever,  177 
Sprinklers  in  sewage-purification,  285, 

297 

Sputum  and  phthisis,  418,  426 

—  disinfection  of,  428 

—  treatment  of,  427 
Stables,  cubic-space  in,  137 

—  floor-space  in,  137 

—  when  a  nuisance,  512 
Standard  death-rate,  40 
• — ■  barometer,  94 

Standards  of  sewage-effluents,  299 
Standardisation  of  disinfectants,  456 
Stanhope  water-softening  process,  187 
Statistics  and  statistical  data,  32  et  seq. 

—  relative  to  occupations,  549,  553 

—  sources  of,  23,  549 

 error  in,  27,  39,  74,  555 

Statistical  tests  of  commimal  sanitary 

conditions,  81 

—  fallacies,  76,  79,  552 
— r  conditions,  74 
Steam,  heating  by,  159 

—  disinfection  by,  447 

—  disinfectors,  447 
Stegomyia  fasciata,  351 
Sterilisation  of  water,  183,  185 

—  of  milk,  426 

Sterility  relative  to  birth,  37 
Still-births,  notification  of,  37 
Stoddart'ssewage-piu'ification  system, 
286,  297 

Stools,  disinfection  of,  450,  451.  452 

—  of  enteric  fever,  351 

—  of  cholera,  373 

—  infective-matter  in,  349,  302 
Storm-water  and  sewage-treatment, 

288 
Stoves,  156 

—  ventilating,  127 

—  gas,  under  Factory  Act,  557 
Stranger's  cold,  375 

Stream  pollution,  512 

Stream  pollution  andcntt>ric  fever,  177 

—  and  sheep-dipping.  417 
Streets,  cleansing  of,  300 
Streptococci  in  dust,  426 
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Streptococci  in  sewage-effluents,  289 
Streptococctis  erysipelatia,  378 

—  lanceolatus,  381 

—  pyogenes,  347,  379 

—  scarlatinae,  347 

Striking  distances  of  zymotic  diseases, 
435 

Structural  deficiencies  of  dwellings, 
268 

Sturtevant's  ventilation  by  fan,  133 
Subsoil  drainage,  bye-laws,  527 
Sulphates  in  water,  estimation  of, 
212 

Sulphides  in  water,  estimation  of,  213 
Sulphur  gases  in  air,  111 

—  in  sewers,  266, 

 sources  of.  111,  266 

Sulphuretted  hydrogen  in  air,  109, 
111,  266 

Sulphurous  acid  gas  as  germicide.  449, 
450,  453 

—  in  air,  111 
Summer  diarrhoea,  349 

—  Ballard  on,  349 

—  climatic  factors  in,  349 

—  geological  factors  in,  350 

—  housing  and,  350 

—  micro-organisms  of,  350 

—  insanitary  environment  and,  350 } 
Sun  fan,  134 

Sunshine  recorders,  86 
Superficial-space  (see  Floor-Space) 
Superheated  steam,  448 
Supervisory  control  of  water-supplies, 

195  et  seq. 
Suspended  matter  in  waters,  210 

—  in  sewage,  293 

Sutton  and  ventilation  of  ships,  2 
Sympiesometer,  95 
Sweden  and  vaccination,  365 
Switzerland  and  vaccination,  365 
Swine,  keeping  of,  339,  340,  522,  525 

—  fever,  343,  416,  417 
 notification  of,  417 

—  flesh  and  Jews,  1,  432 

—  tubercle  in,  419,  537 

Tabes  mesenterica,  418 
Tajniae  and  water,  179 
Tallow-melter,  516 
Talmud  and  hygienic  laws,  1 
Tanks,  flush,  239 

—  septic,  280,  293 

—  sewage,  294 
Tanner,  516 

Taste  of  waters,  190 
Tea,  exhausted,  legal  definition  of, 
538 

—  and  Sale  of  Food  and  Drugs  Acts, 
541 

Temperature,  83 

—  altitude  and,  85 

—  animal,  433 


Temperature,  annual,  84 

—  chmatic,  105 

—  of  cow,  433 

—  distance  from  sea  and,  85 

—  estimation  of,  83 

—  exposure  and,  85 

—  latitude  and,  85 

—  maximum,  83 

—  mean,  84 

—  minimiun,  83 

—  room,  114 

—  seasonal,  85 

Temporary  shelters  in  infecti^•e  di- 
seases, 467 
Tenement  workshop,  558 
Tension  of  aqueous  vapour,  88,  89 

—  formula  for,  89 

Tents,  overcrowding  in,  513 
Tertian  fever,  407 
Test,  tuberculin,  433 

—  mallein,  412 

—  Widal's,  359 

—  of  smoke  as  a  nuisance,  514 
Testing  of  Drains,  258,  336 

—  apparatus  for,  258,  259,  260 

—  law  respecting,  324,  336 
Tests  of  efficient  ventilation,  139 

—  of  purity  of  air,  145 

—  of  purity  of  water-supphes,  210 
Tetanine,  405 
Tetanotoxine,  405 

Tetanus,  343,  405 

—  antitoxin  and,  405 

—  gelatin  and,  405 

—  incubation-period  of,  436 

—  jute  and,  405 

—  micro-organism  of,  405 

—  mortality  of,  405 

—  soil  and,  405 

—  symptoms  of,  405 

—  treatment  of,  405 
Tetracoccus  vaccinae,  363 
Thermometers,  83 

— ■  maximum,  83 

—  minimum,  83 

—  shade,  83 

—  solar,  84 

—  position  of,  84 
Thresh's  disinfector,  448 
Thom's  water-tap,  228 
Thomson's  pnemnatic  test,  261 
Thimderstorms  and  ozone,  109 

—  and  nitric  acid,  109 
Ticketed  houses,  33 

Tidal  waters,  pollution  of,  292,  302 
Tipping-troughs  in  sewage-treatment, 

286,  297 
Tobin's  tube,  125,  496 
Toilet,  and  pa\nlion  hospitals,  491 
Topography  of  sanitary  areas,  20 
Torricelli's  theorem,  92,  144 
Torricellian  space,  96 
TowTis  Clauses  Act,  1 847,  334 
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Toxins  of  diphtheria,  378 

—  of  tetanus,  405 

Trade-refuse,  law  as  to  removal  of,  337 
Trades,  dangerous,  557,  561 
Trades,  offensive,  20,  516 

 bye-laws  for,  516,  518,  525 

 law  respecting,  516 

 procedure  for  establishment  of, 

516,  520 
Trade-effluents,  271,  302 

—  and  sewage,  284,  290,  291,  302 

—  and  fish  life,  393 

—-law  respecting,  290,  309,  317,  335 

—  purification  of,  291,  302 
Transport  of  infective  bodies,  461,  480 
Trap,  essential  requirements  of,  256 
Trapping  of  soil-pipe,  253,  257 

—  of  drains,  253 

 law  respecting,  321,  326 

—  of  sewers,  253 

 law  respecting,  321 

Traps,  250  et  seq. 

—  Beanclifi,  252 

—  bell,  253 

—  Biichan's  grease,  230 

—  Buchan's  intercepting,  256 

—  causes  of  failure  of,  253 

—  Dean's  gully,  253 

—  disconnecting  and  ventilating,  255 

—  disuse  of,  253 

—  forms  of,  250 

—  grease,  229,  230 

—  gully,  253 

—  Hellyer's,  251 

—  Honeyman's,  250 

—  intercepting,  257 

—  objects  of,  250 

—  position  of,  251 

—  S-shaped,  252 

—  Somerset,  250 

—  siphoning  of,  253,  254 

—  water-lock  or  water-seal  of,  252 

—  Weaver's,  253 

—  Winser,  230 

Travelling  and  infectious  disease,  460 
Tripe-boiler,  516 
Tripe-cleaner,  516 

Tropics  and  ventilation  of  buildings, 
138 

Trypanosomiasis,  438 

Tsetse  fly  and  sleeping  sickness,  438 

Tuberculin-testing  of  bovine  animals, 

421,  433 
Tuberculins,  432 

—  preparation  of,  432 
Tuborculocidin,  432 
Tuberculol,  433 
Tuberculosetoxin,  433 
Tuberculosis,  343,  417 

—  disinfection  in,  426,  428 

—  distribution  of,  431 

—  forms  of,  418 

—  incubation-poriod  of,  436      _   ^ 


Tuberculosis,  infectixdty  of,  418 

—  flesh  of  animals  and,  418 

—  isolation  of  pulmonary,  429 

—  micro-organism  of,  417 

—  milk  and,  418,  419,  420,  425 

—  mortality  from,  54,  56,  430 

—  notification  of  pulmonary,  426 

—  prevention  of  piilmonary,  425,  426, 
427 

—  sanatoria  for  pulmonary,  427,  429 

—  sources  of  pulmonary,  418,  422 

—  treatment  of  pulmonary,  427,  429 
Tubercle  of  bovine  animals  and  man, 

identity  of,  422 

—  Findings  of  Royal  Commission,  425 
Tuberculous  flesh  of  animals,  418 

—  recommendation  of  Commissions 
concerning  use  of,  419 

Typhoid  carriers,  348,  356 
Typhus  fever,  343 

—  climatic  factors  in,  348 

—  disinfection  in,  451 

—  gaols  and,  2 

—  incubation-period  of,  436 

—  infectivity  of,  435 

—  mortality  of,  55 

—  notification  of,  439,  459 

—  overcrowding,  etc.,  in,  57,  348 

Udder  of  cow  and  tubercle,  420 
Uncleanliness  and  disease,  1,  33 

—  and  typhus  fever,  348 

—  and  effects  on  health,  33 
Unhealthy  industries,  557 

United  States  of  America  and  quaran- 
tine, 444 

—  and  vaccination,  366 
Units  of  distance  in  isobars,  97 
Units  of  pressure,  97 

Unsound  foods,  law  respecting,  529, 
536 

Urban  areas,  death-rates,  59 
Urinals,  232 

—  law  regarding  provision  of  public, 
337,  512 

—  when  a  nuisance,  512 

VACCiisrATiON  Acts,  367,  368,  369  ^ 
Vaccination,  calf-lymph  in,  364,  370 

—  conscientious  objection  to,  368,  369 

—  economic  value  of,  369 

—  Jenner  and,  2 

—  practice  of,in  foreign  countries,  364 
 in  United  Ivingdom,  367,  368, 

369 

—  smallpox  and,  364 

—  ratio  to  births,  36i) 

—  Royal  Commission  on  vahio  of,  304 
Vaccination  Act,  1840  (England),  307 

—  1853  (England),  367 

—  1871  (England),  307 

—  1874 (England),  367 
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Vaccination  Act,  1898  (England),  367 
Vaccination  Order,  1898  (England), 
367 

Vaccination  (Scotland)  Act,  1848,  368 

—  1863,  368 

—  1907,  368 

Vaccination  (Ireland)  Act,  1840,  369 

—  1863,  369 

—  1876,  369 

Vaccination  law  in  Colonies,  366 

—  in  foreign  countries,  364 

—  in  Germany,  364 

—  in  India,  366 

—  in  United  Kingdom,  367,  368,  369 

—  in  United  States  of  America,  366 
Vaccinators,  public,  367,  368 

 by  whom  appointed,  367,  368 

 duties  of,  367,  368 

Vacuum  sj'-stem  of  ventilation, 121, 132 
Van  Overbeckde  Meyer  disinfector,448 
Vans,  overcrowding  in,  513 
Vapours  from  factory,  when  a  nuis- 
ance, 513 
Vegetation  in  water-supplies,  196 

—  in  streams  and  stream  pollution,  314 
Venereal  diseases,  343 

Venetian  laws  of  quarantine,  2 
Venice  Sanitary  Convention, 440  et  seq. 
Ventilating  traps,  242,  252 
Ventilation  of   workshops  and  fac- 
tories, 109,  135,  558,  559 

—  of  rooms,  116,  121,  130 

—  of  factories,  definition  of,  514 

—  of  hospitals,  131,  134,  490,  492, 
494,  496,  500 

—  of  House  of  Commons,  133 

—  of  mines,  134 

—  of  dairies  and  cowsheds,  135,  137 

—  of  byres,  137 

—  of  sewers,  265 

—  of  ships,  2 

— J^o'^"'^^"^^'^'  ^y^'l^ws  concerning, 
5w2,  527 

Ventilation,  HQ  et  aeg. 

—  by  chimney,  125,  496 

—  by  cowls,  127 

—  by  fans,  135,  143,  561 

—  by  flues,  143,  496,  500 

—  by  grates  and  fire-places,  121 

—  by  Glover-Lyon  system,  133 

—  by  hollow  roof-beams,  127 

—  by  Mackinnol's  tube,  127 

—  by  roof-ridge  cowls,  129,  500 

—  by  shafts,  143,  500 

—  by  stoves,  126 

—  by  walls,  ]  25.  495 

—  by  windows,  122,  496,  500,  502 

—  definition  of,  116 

—  forinulw  for  computing  air-supply 
m,  117.  142,  143 

—  for  animals.  135 

—  in  tropics,  138 

—  mechanical,  121,  129 


Ventilation  methods  of,  119 

—  modes  of  testing,  139 

—  natural,  119,  121 

—  natural  factors  in,  119 
-hospitals,  131,  134,  490,  492,  494, 

495,  500,  502,  504 

—  plenum  system  of,  121,130,  496,  504 

—  vacuum  system  of,  132 

—  roof-ridge,  127,  496 

—  tests  of  efficient,  139 
Verminous  persons,  law  as  to,  483 
Verhier,  93 

Vesicular  murrain  of  cattle,  413 

—  notification,  417 

Veterinary  surgeon  and  certification 
by,  530 

—  and  examination  of  cows,  463,  476, 
477 

—  and   notification    of    diseases  of 
animals,  417 

—  and  examination  of  carcases,  etc.. 
529 

Vicious  habits  and  statistics,  32 
Virus,  343 

Vital  Statistics  (see  Statistics) 
Vogel's  t«st  for  CO  in  air,  153 

"  Waicing  "  of  dead,  462,  474,  576. 
Wall  ventilation,  125,  495 
Walker's  process  for  COo  ina'r,149, 151 
Walls,  foimdations  of,  bye-laws,  522, 
527 

—  dampness  of,  269 

—  damp-proof  courses  in,  269 
Wanklyn's  test  for  organic  matter  in 

air,  153 

—  process  for  ammonia  in  water,  216 
Ward-spaces  in  hospitals,  112, 113,  495 
Warranty  in  foods,  541,  544 

—  penalty  for  false,  544 
Wash-hand  basins,  228 
Washington-Lyon  disinfector,  447,504 
Waste-products  from  houses,  225 
Waste-water  pipe,  231 

—  bye-laws  concerning,  522,  527 
Waste-water  system,  227  et  seq. 
Water  and  water-supply,  165  et  seq. 
Water  and  cholera,  175,  373 

—  and  diarrhoeal  diseases,  178 

—  and  distribution  of,  189 

—  and  dysentery,  ]  79 

—  and  enteric  fever,  176,  298 

—  and  filtration,  182 

—  and  goitre  and  cretinism,  179 

—  and  mineral  constituents,  1 79 

—  and  parasitic  diseases,  179 

—  and  plumbo-solvency,  190 

—  examination  as  to  purity,  192,  210 

—  colours  of,  187,  211 

—  in  butter,  legal  amount  of,  543 

—  protean  forms  of  life  in,  ]  96 

—  purification  of,  182 

. —  quantity  required,  107,  188 
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Water,  sedinientatiun  and  storage  of, 
183 

—  softening  of,  187 

—  zinc  poisoning  by,  195 
Waters,  coloiirs  of,  187,  211 

—  effects  of  impure,  175 

—  economic  value  of,  174 

—  hardness  of,  174 

—  odour  of,  211 

—  palatabilitv  of,  173,  183 

—  poUution  o"'f,  174,  197,  200 

—  from  lakes,  166 

—  from  rainfall,  165 

—  from  reservoirs,  166 

—  from  rivers,  165 

—  from  springs,  165 

—  from  wells,  168 

—  sources  of  supply  of,  165 

—  taste  of,  196,  211 

—  wholesomeness  of,  173 

—  bacteriological  examination  of,  178, 
197 

—  chemical  examination  of,  197,  211 

—  physical  examination  of,  210 
Water  in  houses,  law  respecting,  204, 

209,  326,  337 
Water-borne  diseases,  175,  176,  179, 

298,  373 
Water-borne  infection,  438 
Water-carriage  system  of  sewage,  225, 

271,  304,  306 
Water-closet  apartment,  232 

—  apparatus,  233 

—  bye-laws  concerning.  522,  527 

—  characters  of  good,  237 

—  cisterns,  236 

—  combination,  240 

—  flush,  235 

—  liopper,  235 

—  law  as  to  provision  of,  237,  32C 

—  legal  definition  of,  339 

—  pubHc,  237 
— -  pan,  233 

—  siplionic,  23() 

—  trapless,  240 

—  trough,  237,  239 

—  wash-down,  235 

—  wash-out,  235 

—  .slop,  239,  241,  339 

—  soil-pipe  connection,  240 

—  schools  and,  237 

—  when  a  nuisance,  512 

—  factories  and  workshop  regulations 
as  to,  237,  341,  559 

—  in  liousos,    law  respecting,  326, 
337 

Water-course,  when  a  nuisance,  512 
Wator-cress  and  enteric  fever,  356 
Water-flush,  238 
Water-gas,  163 

—  CO  in,  163 

Water-pipes  and  corrosion,  195 

—  and  rats,  195 


Water-supply  of  Alexandria,  186 

—  of  Antwerp,  187 

—  of  Berlin,  186 

—  of  Birmingham,  190 

—  of  Edinburgh,  186 

—  of  Glasgow,  174.  189 

—  of  Liverpool,  189,  197 

—  of  London,  174,  198 

—  of  Manchester,  189 

—  of  Rotterdam,  196 

—  of  Sunderland,  174 

—  law  respecting,  201  et  seq. 

 in  England,  201 

 in  Ireland,  210 

 in  Scotland,  204 

Water  -  supply     districts,  special, 
205 

Water-supplies,  law  respecting,  199, 
201  et  seq.,  512 

—  of  cities,  167 

—  of  dairy-farms,  20 

—  of  dairies,  136,  420,  512 
— ■  of  sanitary  areas,  20 

—  pollution  of,  174,  197,  200,  205 

—  sources  of,  165 

—  supervisory  control  of,  195 

—  sheep-dipping  and,  417 

—  when  a  nuisance,  512 
Water-tap  of  Maxtone  Thorn,  228 
Waterworks  Clauses  Acts,  201,  202, 

204,  207,  209 
Watery  vapour  in  air,  87,  107,  110, 
114 

Weaver's  trap,  253 

Webster's  electrolytic  sewage-treat- 
ment, 275 
Wells  as  water-supplies,  168 

—  kinds  of,  168 

—  character  of  waters  from,  170,  173 

—  closiire  of,  336,  512 

—  artesian,  1 68 

—  pollution,  168,  177,  512 

—  when  a  nuisance,  512 
Well-waters,  gases  in,  171 

—  and  enteric  fever,  176,  177 
Welsbach  mantle,  163 

West  Riding  Rivers  Board,  292 
West  Riding  Rivers  Act,  310 
Wheel  barometer,  94 
Whelks  and  enteric  fever,  354 
White  Phosphorus  Matches  Prohibi- 
tion Act,  1908,  565 
Wliooping-cough,  374 

—  attack-ages,  58,  374 

—  climatic  factors  in,  55,  374 

—  disinfection  in,  451 

—  doath-i'ates  in,  55,  374 

—  incubation-period  of.  436 

—  infective-periqil  in,  437 

—  micro-organism  of,  374 

—  periodicity  in  outbreaks  of,  57 
Widal's  reaction.  35!) 
VVillicirs  f(U'm\da,  80 
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Winds,  98 

—  prevalence  of,  in  W.  of  Scotland, 
99,  100 

Wind  pressure,  98 

—  velocity,  98 

Window-space  in  hospitals,  495 
Window  ventilation,  methods  of,  122 
Wines  and  B.  typhosus,  356 
Winser  grease-trap,  230 
Wolff's  apparatus  for  CO  in  air,  152 
Wolpert's  apparatus  for  COj  in  air, 
146 

Wool-sorters'  disease  (see  Anthrax) 
Wool-sorting  and  anthrax,  414,  548 
Work-place,  definition  of,  558 
Works,  when  a  nuisance,  513 
Workshop,  definition  of,  558 
— ■  sanitary  condition  of,  558 
Workshops  and  Factories,  Acts  of 

Parhament,  2,  3,  4,  237,  556,  557, 

562 

—  definitions  of,  513,  557,  558 

—  drainage  of  floors  of,  558,  559 
■ —  humidity  of  air  of,  110 

—  purity  of  air  of,  109,  513,  558 

—  ventilation  of,  109,  135,  558 

—  sanitary  accommodation  in,  237, 
337,  559 

—  places  reckoned  as  factories,  557 

—  places  reckoned  as  workshops,  558 


Workshops  and  Factories,  tenement 

workshop,  558 
Worthing  epidemic  of  enteric  fever, 

177 

Writer's  cramp  in  occupations,  546, 
556 

Yellow  fever,  343,  350 

—  climatic  factors  in,  350 

—  distribution  of,  350 

—  incubation-period  of,  436 

—  micro-organism  of,  350 

—  mosquitos  and,  351 

—  regulations,  444,  464 

Yeovil  sewage,  antlxrax  bacillus  in, 
284 

—  composition  of,  283,  284 
Yersin's  plague  vaccine,  389 

Zinc  chloride  as  disinfectant,  449,  450 
Zinc  in  water,  estimation  of,  212 
 poisoning  by,  195 

—  sulphate  as  disinfectant,  449 
Zjrmotic  diseases,  53 

—  death-rates,  52  et  seq.,  82 

—  disinfection  in,  451  et  seq. 

—  infective  matters  in,  435,  437 

—  infective  periods  in,  437 

—  incubation-periods  in,  436 

—  law  respecting,  459,  469 

—  striking  distances  of,  435 
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GLAISTER'S  MEDICAL  JURISPRUDENCE 

PRESS  NOTICES 
"  British  Medical  Journal." 

"To  choose  one  section  for  special  commendation,  'the  identity  of 
the  person  by  finger  prints  '  strikes  us  as  the  most  clearly  expressed 
exposition  of  the  subject  that  has  come  under  our  notice. 

Speaking  of  the  book  in  general,  it  strikes  us  as  in  every  way  an 
admirable  text-book  worthy  of  an  author  of  Professor  Glaister's 
reputation,  and  can  strongly  recommend  it  both  to  students  and 
practitioners,  especially  in  Scotland,  where  details  of  procedure  differ 
considerably  from  those  in  England." 

"The  Lancet,"  Sept.  loth,  1910. 

"Professor  Glaister  has  now  produced  an  excellent  manual  on 
these  two  subjects,  and  out  of  the  large  store  of  material  which  he  has 
accumulated  during  25  years,  he  has  selected  exactly  the  right  matter 
for  tlie  purpose  of  fully  illustrating  and  verifying  the  text.  He  has 
arranged  his  material  most  ably,  and  really  valuable  assistance  may  be 
obtained  by  a  study  of  his  remarks.  The  work  is  admirably 
illustrated." 

"  Edinburgh  Medical  Journal," 

"  Will  be  found  much  improved  and  to  constitute  not  only  a  valuable 
addition  to  medico-legal  works  in  the  English  language,  but  to  stand  as 
a  monument  of  the  author's  industry,  keen  observation,  and  power  of 
clear  exposition." 

"  Dublin  Journal  of  Medical  Science." 

"  A  very  valuable  book  of  reference  for  all  those  engaged 
m  medico-legal  work." 

"The  Medical  Officer." 
"Medical  Jurisprudence  and  Toxicology.— Dr  Glaister  gives 
his  readers  excellent  instruction  as  to  the  best  and  clearest  manner  of 
interpreting  observations  and  presenting  them  to  the  judge  and  jury 
in  language^  comprehensible  to  those  without  special  knowledge  or 
training.  The  section  dealing  with  Toxicology  is  very  complete.  Dr 
Glaister's  book  may  be  strongly  recommended  as  a  very  complete 
and  readable  treatise  on  a  subject  of  great  importance  to  every  practi- 
tioner of  medicine." 

"  Folia  Therapeutica." 
"No  more  useful  treatise  is  available.    One  of  the  best 
chapters  in  the  book  treats  of  lunacy  in  its  medico-legal  aspect.  The 
whole  section  on  toxicology  is  particularly  practical,  and  is  intensely 
interesting." 

"The  Indian  Medical  Gazette." 

"We  have  read  it  with  great  interest,  and  are  of  opinion  it  can 
scarcely  be  beaten.  Altogether,  it  is  an  eminently  satisfactory 
DOOk  which  can  confidently  be  recommended  to  the  Civil  Surgeon  in 
India. 
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